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What’s a common 


denominator 
- of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,’ and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.” 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 








A powerful ` | 
case for 


LOPID 


gemfibrozil ) Sse 





Raised low HDL 25% 


—in patients whose baseline HDL was below 
35 mg/dL in the landmark Helsinki Heart Study (HHS)3 


Reduced heart attack 


incidence* up to 62% 
—in these HHS patients and 45% in HHS patients whose 


baseline HDL was below the median (464 mg/dL). Incidence 
of serious Coronary events was similar for LOPID and placebo 
subgroups with baseline HDL above the median (464 mg/dL). 


Raised HDL levels 1% to 3 times 
more effectively than lovastatin 


—in a 12-week, double-blind, randomized trial among 
patients with moderate to severe hyperlipidemia. 
Lovastatin achieved greater reductions in total serum 
cholesterol than gemfibrozil in this study population4 


RAISES HDL 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease 
(CHD) in Type IIb patients with low HDL, in addition to elevated LDL 
and triglycerides, and who have had an inadequate response to weight 
loss, diet, exercise, and other pharmacologic agents such as bile acid 
sequestrants and nicotinic acid. 


“Defined as a combination of definite coronary death and/or definite 
myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in 

coronary heart disease. |. Lipid levels in 500 survivors of myocardial infarction. | Clin Invest. 

1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Minster 

Trial. Zurich: Panscientia Verlag; 1986:8-9. 3. Data on file, Medical Affairs Dept, Parke-Davis 

4. Tikkanen MJ, Helve E, Jaattela A, et al. Comparison between lovastatin and gemfibrozil in the 

treatment of primary hypercholesterolemia: the Finnish Multicenter Study. Am | Cardiol. a s 
1988;62:35}-43). bE o 
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‘Lopid® (Gemfibrozil Capsules and Tablets) 
Before prescribing, please see full prescribing information. 


A Brief Summary follows. 
CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 


GS). 


biliary cirrhosis. 


2. Preexisting gallbladder disease (See WA 

3. Hypersensitivity to gemfibrozil. 
WARNINGS. 1. Because of chemical, ph 
tween gemfibrozil and clofibrate, the 
studies may also apply to gemfibroz! 
Project, 1000 subjects with previous 
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ion were treated for five years 
ween the clofibrate-treated sub- 
any clofibrate-treated subjects 
rgery. In the other study, con- 

O subjects without known cor- 

e years and followed one year 


developed cholelithiasis and cholecysti 
ducted by the World Health Organizatio 
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treated than in a comparable placebo-treated control group. The excess mortality was 


due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
Subjects for gallbladder disease was confirmed. 


During the Helsinki Heart Study and in the 1¥2 year follow-up period since the trial 


‘was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 


(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

in the Helsinki Heart Study, the incidence of total malignancies discovered during the 


_ trial and inthe 12 years since the trial was completed was 39 in the Lopid group and 29 


in the placebo group (difference not statistically significant). This includes 5 basal cell 


‘carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 


predicted an expected 4.7 cases in the placebo grou p). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 


2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (75% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3, Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued, 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy —Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose mate rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 





was a significant increase in the combined incidence of benign, and malignant liver 


neoplasms. In male and female mice, there were no statistically significant differences 
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Lopid® (Gemfibrozil Capsules and Tablets) 


from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two otherdrugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B—Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1 1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebial hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 9% 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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Your colleagues review the book — 


“...concise and finely edited. The discussions are 
up-to-date and to the point. ...the book can be 
read from both a generalist’s and specialist's 
perspective... .to convey ‘what really matters’ to 
a practicing physician... .(who manages) 
everyday problems seen in clinical practice.” 
—Annals of Internal Medicine 


“. . -find information easily and. . .quickly. . . . 
should occupy a place in every clinician's 


4 


office... . 


—The New England Journal of Medicine 
(First Edition review) 








“Features that distinguish this book from others 
in the field include the pragmatic orientation. . . 
the range of coverage (and). . .the organization in 
bite-sized topics... .” 

—Journal of the American Medical Association 





Order toll-free 1-800-366-BOOK hire Eeviouireviagy 

Ask for Operator 7Y By focusing on the clinical side of day-to-day 
Outside U.S. call 617-438-8464 practice, using a problem-oriented approach, 
Eastern Standard Time 9:00-4:30 providing standardized headings under each 


disease or disorder, and covering both general 
and internal medicine, Medicine for the Practicing 
Physician, Second Edition is a truly useful desk 
reference, designed to be used frequently. 


C] Butterworth S 1988 409-95176-5 1857 pp. $95.00 
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In June of 1988, the Activase® Financial Assistance Program (AFAP) was created to 
minimize cost as a consideration when a decision for thrombolytic therapy is made. 
This unique program is being continued in order to ensure that Activase’ is made 
available to all patients who need it, regardless of their economic circumstances. 


The Comprehensive Wastage The Uninsured Patient Assistance for Third Party 
Replacement Program Program Reimbursement 
Genentech will replace Genentech will replace all Genentech will assist a 
the product in the event Activase® used for uninsured hospital in clarifying third 
Activase® is prescribed but patients whose combined party reimbursement 
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ù ALTEPLASE, RECOMBINANT 


_ATISSUE PLASMINOGEN ACTIVATOR 


Briet Summary 

Consult full prescribing information before using. 

INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 


= tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 


soon as possible after the onset of AMI symptoms. 


 CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
= is contraindicated in the following situations: -+ Active internal bleeding - History of cerebrovascu- 
= lar accident + Recent (within two months) intracranial or intraspinal surgery or trauma (see 


WARNINGS) - 


Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 
diathesis + Severe uncontrolled hypertension. 
WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: « Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 


occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 


As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 


s Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 


of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 
Intramuscular injections and nonessential handling of the patient should be avoided during treatment 


-= with ACTIVASE® Venipunctures should be performed carefully and only as required. 


Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE® and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 


_ pated benefits weighed against potential risks associated with therapy. 


In the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: + Recent (within 10 days) major surgery, obstetrical delivery, organ 
a previous puncture of noncompressible vessels + Cerebrovascular disease + Recent (within 10 
days) gastrointestinal or genitourinary bleeding + Recent (within 10 days) trauma + Hypertension: 


_ systolic BP=180 mm Hg and/or diastolic BP=110 mm Hg « High likelihood of left heart thrombus, e.g., 


mitral stenosis with atrial fibrillation + Acute pericarditis + Subacute bacterial endocarditis e Hemostatic 


defects including those secondary to severe hepatic or renal disease + Significant liver dysfunction + 


Pregnancy + Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions + Septic 
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thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, i.e., over 75 years 


old + Patients currently receiving oral anticoagulants + Any other condition in which bleeding constitutes 


a significant hazard or would be particularly difficult to manage because of its location. 
Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE® and heparin should be 
discontinued immediately. Heparin effects can be reversed by protamine. 
Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaken with caution. 


_ Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 


lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under jn vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 


-extent mitigate this phenomenon. 


Drug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, ab that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE® therapy. 
Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
Clearly needed. 
Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
i mitotic ee, was evidenced only after prolonged exposure and only at the highest concentra- 
ions teste 
Nursing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
nursing woman. 
ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: • Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites » Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 





The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follows: 


Dose Number of Patients _% 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 


These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trials'-7 is not signficantly different in the ACTIVASE® treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitant 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE® therapy. 


DOSAGE AND ADMINISTRATION: Administer ACTIVASE® as soon as possible after the onset 
of symptoms. 

ACTIVASE® is for intravenous administration only. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 


A DOSE OF 150 MG OF ACTIVASE® SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Although the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given 
either during and/or following heparin treatment. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany- 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE® be reconstituted only with 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
ACTIVASE® 1.0 mg/mL at approximately pH 73. The osmolality of this solution is approximately 
215 mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediately 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. 

ACTIVASE® is stable for up to 8 hours in these solutions at room temperature. Exposure to light has 
no effect on the stability of these solutions. Excessive agitation during dilution should be avoided; 
mixing should be accomplished with gentle swirling and/or slow inversion. Do not use other infusion 
solutions, e.g., Sterile Water for Injection, USP or preservative-containing solutions for further dilution. 

No other medication should be added to infusion solutions containing ACTIVASE® Any unused 
infusion solution should be discarded. 

HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
containing vacuum, each packaged with diluent for reconstitution. 

Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 

ACTIVASE® Alteplase, recombinant 
Manufactured by 

GENENTECH® INC. 

460 Point San Bruno Blvd. 

South San Francisco, CA 94080 
April, 1989 
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CATCH EVERY MOVE THEY MAKE 
ALOKA SSD-870 COLOR DOPPLER 


Real-time two-dimensional ultrasound system 
for blood flow imaging with Cine Memory. 





normal normal 


Imaging information can now be stored and retrieved in detail thanks to 
the new Cine Memory system in the Aloka SSD-870. 

Then at your convenience, the study can be analyzed frame by frame 
to aid your diagnosis. Aloka’s development of high performance imaging 
technology allows the dual 32-frame Cine Memory to display images with 
60-frame-per-second accuracy. And multi-functional phased array 
transducers have been developed for the Aloka SSD-870. 

Also high quality 2D, M mode, Conventional Pulsed and Continuous 
Doppler as well as Color Doppler studies are now possible through a single 


transducer. To learn more about the new Aloka SSD-870 Color Doppler 
system, please contact: 


ne 
COROMETRICS Al O K A 
In the U.S MEDICAL SYSTEMS, INC. 


Corometrics Medical Systems, Inc., 61 Barnes Park Road North ALOKA CO.,LTD.: 6-22-1 Mure, Mitaka-shi, Tokyo 181, Japan 
Wallingford, CT 06492-0333. Tel:203-484-4630. 800-624-7265 Tel: (0422)45-5111 Cable address: ALOKA MITAKA Telex: 02822-344 SSD 870 
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CORONARY ARTERY DISEASE 


1 LRT ON Rive ORE Te es el a ee 
Dyslipidemias with Desirable Plasma Total Cholesterol 
Levels and Angiographically Demonstrated Coronary 
Artery Disease 

Michael Miller, Lucy A. Mead, Peter O. Kwiterovich, Jr., and 
Thomas A. Pearson 


To examine dyslipidemias in a population with desirable cho- 
lesterol levels, we evaluated 1,000 patients undergoing diagnos- 
tic coronary arteriography. Our results (of 288 patients with 
desirable cholesterol levels, approximately 67% of men with 
angiographically demonstrated coronary artery disease and 
80% of women with CAD had low levels of high density lipo- 
protein cholesterol) suggest that all CAD patients should be 
screened for dyslipidemias, regardless of the plasma (or serum) 
total cholesterol level. 


6 D SEES EE Sse Mh ee Dae ER, Se 
Blood Cholesterol Screening in Several Environments 
Using a Portable, Dry-Chemistry Analyzer and 
Fingerstick Blood Samples 

Reagan H. Bradford, Paul S. Bachorik, Karen Roberts, 

O. Dale Williams, and Antonio M. Gotto, Jr., for the Lipid 
Research Clinics Cholesterol Screening Study Group 


Cholesterol was measured with a portable, dry-chemistry ana- 
lyzer using capillary blood obtained by fingerstick in a total of 
13,824 participants in a multicenter study of blood cholesterol 
screening performed in several medical and nonmedical envi- 
ronments. The new technology for blood cholesterol measure- 
ment we evaluated has proven to be a feasible and reliable 
means for measuring blood cholesterol in typical screening 
settings. 


14 = ed RE IS ee eS Oe EST Eee ee: 
Relation of Silent Myocardial Ischemia After Coronary 
Artery Bypass Grafting to Angiographic Completeness 
of Revascularization and Long-Term Prognosis 

Harold L. Kennedy, Sondra M. Seiler, Michael K. Sprague, 
Sharon M. Homan, James A. Whitlock, Morton J. Kern, 
Michel G. Vandormael, Hendrick B. Barner, John E. Codd, 
and Vallee L. Willman, with the technical assistance 

of Debra Lyyski 


We prospectively assessed the prevalence and characteristics of 
silent myocardial ischemia as detected by 24-hour ambulatory 
electrocardiographic ST-segment depression in 94 patients ex- 
amined early and 184 patients examined late after coronary 
artery bypass grafting, and followed for a mean of 48 + 11 
months. Our data show that ambulatory ECG silent ischemia 
detected during the first year after CABG in patients with 
predominantly good left ventricular function is not associated 
with an adverse prognosis. 
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23 E Pee Ser ee EA E O E 
Frequency and Significance of Late Evolution of Q 
Waves in Patients with Initial Non-Q-Wave Acute 
Myocardial Infarction 

Robert E. Kleiger, William E. Boden, Kenneth B. 
Schechtman, Robert S. Gibson, David J. Schwartz, 

Barbara J. Geiger, Robert J. Capone, Robert Roberts, 

and the Diltiazem Reinfarction Study Group 


Serial 12-lead electrocardiograms and plasma creatine kinase- 
MB values from 544 patients with confirmed non-Q-wave 
acute myocardial infarction were analyzed to define the rate of 
progression of non-Q-wave AMI to Q-wave AMI and to exam- 
ine its relation to CK-MB evidence of extension. This progres- 
sion appears to involve 2 different mechanisms: temporal lag in 
the electrocardiogram, and actual extension by quantitative 
CK-MB criteria. 


28 a t a Pas a aaa l ae a a A 
Detection of Restenosis After Elective Percutaneous 
Transluminal Coronary Angioplasty Using the Exercise 
Treadmill Test 

James R. Bengtson, Daniel B. Mark, Michael B. Honan, David 
S. Rendall, Tomoaki Hinohara, Richard S. Stack, Mark A. 
Hlatky, Robert M. Califf, Kerry L. Lee, and David B. Pryor 


What is the value of a 6-month exercise treadmill test for 
detecting restenosis after elective percutaneous transluminal 
coronary angioplasty? We studied 308 consecutive successful 
PTCA patients without a recent myocardial infarction; our 
results suggest that for more accurate detection of restenosis, 
the exercise treadmill test must be supplemented by a more 
definitive test. 


er E n E S E E T ONE > 
Usefulness of Coronary Angioplasty in Asymptomatic 
Patients 

H. Vernon Anderson, J. David Talley, Alexander J.R. Black, 
Gary S. Roubin, John S. Douglas, and Spencer B. King, III 


What is the optimal therapy for patients with asymptomatic 
coronary artery disease? Coronary angioplasty performed in 
114 asymptomatic patients, most with exercise-induced silent 
myocardial ischemia, achieved very good primary success and 
was accompanied by low cardiac event rates and no deaths 
over several years of patient follow-up. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


40 EE ee RE A Re E T. 
Treatment of Ventricular Arrhythmias by United States 
Cardiologists: a Survey Before the Cardiac Arrhythmia 
Suppression Trial Results Were Available 

Joel Morganroth, J. Thomas Bigger, Jr., and 

Jeffrey L. Anderson 


To define the practice habits of United States cardiologists in 
the treatment of ventricular arrhythmias, we sent a random 
sample of 1,000 of 12,000 cardiologists a pretested question- 
naire; 252 responded. Significant lack of consensus exists on 
the toxicity of antiarrhythmic drugs, use of electrophysiologic 
testing and in- versus out-of-hospital drug initiation. 


ee ys ne ST, has CR SS Se 
Effect of Basic Drive Cycle Length on the Yield of 
Ventricular Tachycardia During Programmed 
Ventricular Stimulation 

Joni Summitt, Shimon Rosenheck, William H. Kou, 

Stephen Schmaltz, Alan H. Kadish, and Fred Morady 


In patients in whom sustained, monomorphic ventricular 
tachycardia was inducible by programmed stimulation with 1 
to 3 ventricular extrastimuli at the right ventricular apex, the 
yield of VT was 88% when a drive cycle length of 400 ms was 
used, compared to 64% when the drive cycle length was 600 ms 
and 32% when the extrastimuli were introduced during sinus 
rhythm. These results suggest that it is more efficient to begin 
programmed stimulation using a basic drive cycle length of 
400 ms instead of 600 ms or sinus rhythm. 


| a ee a ee 
New Insights into Pacemaker Syndrome Gained from 
Hemodynamic, Humoral and Vascular Responses 
During Ventriculo-Atrial Pacing 

Kenneth A. Ellenbogen, Marc D. Thames, and 

Pramod K. Mohanty 


We measured forearm blood flow, forearm vascular resistance, 
mean and phasic arterial pressure, cardiac output and plasma 
norepinephrine, epinephrine and dopamine during atrial, ven- 
tricular and ventriculo-atrial pacing before and after regional 
a blockade with intraarterial phentolamine in 16 patients with 
a left ventricular ejection fraction >35% and little or no symp- 
toms of congestive heart failure. Our results suggest that fore- 
arm vascular resistance responses to V-A pacing are mediated 
mainly by a-adrenergic receptors, through the arterial 
baroreflexes. 


SYSTEMIC HYPERTENSION 


See ti Pee a. ee eRe A 
Assessment of Four Ambulatory Blood Pressure 
Monitors and Measurements by Clinicians Versus 
Intraarterial Blood Pressure at Rest and During 
Exercise 

William B. White, Per Lund-Johansen, and Per Omvik 


We assessed the accuracy of 4 different ambulatory blood 
pressure monitors by comparing them to simultaneous intra- 
arterial BP (contralateral brachial artery) during rest, isomet- 
ric and dynamic (bicycle) exercise in 48 hypertensive patients 
undergoing invasive hemodynamic evaluation. Our data show 
that at rest, noninvasive ambulatory BP monitors are similar in 
accuracy to that of clinicians in BP determination but during 
exercise there are differences among the monitors that make 
some of them unsuitable for measurements while in motion. 


67 OPUS ea ee ESA 
Concurrent Compliance Reduction and Increased 
Peripheral Resistance in the Manifestation of Isolated 
Systolic Hypertension 

David S. Berger and John K.-J. Li 


With the use of a computer simulation of the modified 
Windkessel model of the arterial tree, we studied the hemody- 
namic mechanisms responsible for the production of isolated 
systolic hypertension. ISH is usually not the result of decreased 
compliance alone, but is due to greatly reduced arterial compli- 
ance along with increased peripheral resistance. 


VALVULAR HEART DISEASE 


72 Sk AERP AE Re Ye Se AEE EN E 
Failure of Balloon Aortic Valvuloplasty to Result in 
Sustained Clinical Improvement in Patients with 

Left Ventricular Function 
Charles J. Davidson, J. Kevin Harrison, Mark E. Leithe, 
Katherine B. Kisslo, and Thomas M. Bashore 


Are clinical characteristics (including invasive hemodynamic 
parameters of left ventricular performance) predictive of short- 
term patient outcome? In our study of 81 patients, stepwise 
logistic regression revealed that LV ejection fraction was the 
only independent predictor of overall status at 3 months (p = 
0.002) after balloon aortic valvuloplasty. 


78 Sa eR oS a) IS NR Mees SE Re ee 
Effect of Isometric Exercise on Mitral and Aortic 
Regurgitation as Assessed by Color Doppler Flow 
imaging 

Michael G. Spain, Mikel D. Smith, Oi Ling Kwan, and 

Anthony N. DeMaria 


The effect of isometrics on the degree of valvular regurgitation 
recorded by color flow Doppler imaging was studied in 34 
patients. The regurgitant jet area on color flow Doppler imag- 
ing increased significantly in both aortic and mitral regurgita- 
tion. The change in Doppler-detected jet area with handgrip 
demonstrates the influence of loading conditions on the size of 
a regurgitant jet area, and suggests that isometrics may in- 
crease the magnitude of both mitral and aortic regurgitation. 


MISCELLANEOUS 


TE ne ge nae CSE a EEEE 
Short- and Long-Term Effects of Cigarette Smoking on 
Heart Rate Variability 

Junichiro Hayano, Masami Yamada, Yusaku Sakakibara, 
Takao Fujinami, Kiyoko Yokoyama, Yosaku Watanabe, and 
Kazuyuki Takata 


To investigate the short- and long-term effects of cigarette 
smoking on autonomic cardiac regulation, we analyzed the 
changes in the heart rate spectral components with smoking 
and the differences in the components between nonsmokers 
and smokers after an overnight abstinence. Our results suggest 
that smoking causes not only short- but also long-term reduc- 
tion in vagal cardiac control. 


OO a se Ed we ter 6a ge es E a 
Pressor Effect of Inhaled Ergotamine in Orthostatic 
Hypotension 

Italo Biaggioni, Deborah Zygmunt, Virginia Haile, and 

David Robertson 


What are the potent pressor effects of inhaled ergotamine tar- 
trate in patients with severe autonomic failure? In 8 such pa- 
tients, ergotamine significantly increased systolic and diastolic 
blood pressures in the seated position compared to placebo. 
Inhaled ergotamine may provide an effective and practical 
therapy for patients with disabling orthostatic hypotension. 
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Sympathoadrenal Responses to Mental Stress in 
Subjects Without Prior Evidence of Myocardial 
Ischemia 

James A. Blumenthal, Mats Fredrikson, Cynthia M. Kuhn, 
Ross L. Ulmer, Margaret Walsh-Riddle, and Mark Appelbaum 


Thirty-seven healthy type A men (mean age 42 years) were 
randomly assigned to either an aerobic exercise training group 
or to a strength and flexibility training group. Subjects under- 
went testing, including graded exercise treadmill testing and 
measurement of cardiovascular and neuroendocrine responses 
to mental arithmetic, before and at the completion of the exer- 
cise program. Our findings suggest that aerobic exercise reduc- 
es levels of cardiovascular and sympathoadrenal responses dur- 
ing and after mental stress. 


CARDIOVASCULAR PHARMACOLOGY 


Nitroglycerin 
Joseph A. Gascho and William P. Apollo 


Fifteen healthy men were studied to determine if the venodila- 
tory effect of nitroglycerin was altered by nifedipine pretreat- 
ment. VV [30], a measure of nitroglycerin’s venodilatory effect, 
was not significantly different when pretreatments with nifedi- 
pine or placebo were compared. Thus, pretreatment with a 
calcium antagonist does not appear to alter nitroglycerin’s ven- 
odilatory effect. 
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7) WHETHER ISCHEMIA 
STRIKES WITH / A | 
PAINFUL VIOLENCE... > Or TOTAL SILENCE. 


TENORMIN reduces more than just painful myocardial 
ischemia. It reduces painless ischemia as well. Alone or in 
combination regimens, it lowers the total ischemic burden* 
and reduces the need for PRN nitroglycerin.'” 


In Angina 
ONE TABLET A DAY 


__ TeNORMIN 


(atenolol) 


PROTECTS TH E HEART. See adjacent page for brief summary of prescribing information. 












ONE TABLET A DAY 


ORMIN & | 
(atenolol) 


Protects THE HEART z 
FROM PAINFUL AND PAINLESS ISCHEMIA. 











| KA A beta,-selective (cardioselective) blocking agent. 
| DESCRIPTION: TENORMIN (atenolol), a synthetic, beta,-selective (cardioselective) adrenoreceptor 


ae blocking agent, may be chemically described as benzeneacetamide, 4-[2'-hydroxy-3’-[(1-methyl- 
' _ethyl) amino] propoxy]-. Atenolol (free base) has a molecular weight of 266. It is a relatively polar 
hydrophilic compound with a water solubility of 26.5 mg/mL at 37°C and a log partition coefficient 
| __ (octanol/water) of 0.23. It is freely soluble in 1N HCI (300 mg/mL at 25° C) and less soluble in 
| Chloroform (3 mg/mL at 25°C). 
TENORMIN is available as 50 mg and 100 mg tablets for oral administration 
Inactive ingredients: magnesium stearate, microcrystalline cellulose, povidone, sodium starch 


glycolate. : 
INDICATIONS AND USAGE: Hypertension: TENORMIN is indicated in the management of 
_ hypertension. It may be used alone or concomitantly with other antihypertensive agents, particularly 
-witha thiazide-type diuretic. 
= Angina Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term 

= management of patients with angina pectoris. 

7 CONTRAI NDICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater 
_ than first degree, cardiogenic shock, and overt cardiac failure. (See WARNINGS.) 
NINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory 
_ function in congestive heart failure, and beta blockade carries the potential hazard of further 
_ depressing myocard al contractility and precipitating more severe failure. In hypertensive patients who 
ve congestive heart failure controlled by digitalis and diuretics, TENORMIN should be administered 
tiously. Both digitalis and atenolol slow AV conduction. 
ies Without a History of Cardiac Failure: Continued depression of the myocardium with 
| beta-blocking agents over a period of time can, in some cases, lead to Cardiac failure. At the first sign 
~ Or symptom of impending cardiac failure, patients should be fully digitalized and/or be given a 


i E iuretic and the response observed closely. Ií cardiac failure continues despite adequate digitali- 


`. zation and diuresis, TENORMIN should be withdrawn. (See Dosage and Administration.) 
| Cessation of Therapy With TENORMIN: Patients with coronary artery disease, who are being 
_ treated with TENORMIN, should be advised against abrupt discontinuation of therapy, Severe 


_ | exacerbation of angina and the occurrence of myocardial infarction and ventricular arrhythmias 
__| have been reported in angina patients following the abrupt discontinuation of therapy with other 
























_ beta blockers. The last two complications may occur with or without preceding exacerbation of 

| the angina pectoris. To date, there has been no report of myocardial infarction or severe angina 
~~ | upon withdrawal of TENORMIN, probably due to its long plasma half-life. Because of the 
| | problems encountered with other beta blockers, when discontinuation of TENORMIN is planned, 
|__| the patients should be carefully observed and advised to limit physical activity to a minimum. If 
|_| the angina worsens or acute coronary insufficiency develops, it is recommended that 

____|_TENORMIN be promptly reinstituted, at least temporarily. (See Dosage and Administration ) 

ae B stic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 


| GENERAL, NOT RECEIVE BETA BLOCKERS. Because of its relative beta, selectivity, however, 
Mf ients with bronchospastic disease who do not 
= respond to, or cannot tolerate, other ant iI inh eebhe treatment. Since beta, selectivity is not 





~ absolute, the lowest possible dose of TENORMIN should be used with therapy initiated at 
50 mg, and a beta-stimulating agent (bronchodilator) should be made available. If dosage 
must be increased, dividing the dose should be considered in order to achieve lower peak 





P ) s. 
= Anesthesia and Major Surgery: As with all beta-receptor blocking drugs it may be decided to 
-Withdraw TENORMIN before surgery. In this case, 48 hours should be allowed to elapse between the 
___ last dose and anesthesia. If treatment is:continued, care should be taken when using anesthetic 
| agents which depress the myocardium such as ether, cyclopropane, and trichloroethylene. 
___TENORMIN, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its 
H _ effects on the heart can be reversed by administration of such agents (eg, dobutamine or isoproterenol 
~ With caution—see section on Overdosage). Manifestations of excessive vagal tone (eg. profound 
bradycardia, hypotension) may be corrected with atropine (1-2 mg IV) 
a tes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients if a 
na ___ beta-blocking agent is required. Beta blockers may mask tachycardia occurring with hypoglycemia, 
but other manifestations such as dizziness and sweating may not be significantly affected. 
TENORMIN does not potentiate insulin-induced hypoglycemia and, unlike nonselective beta 
= blockers, does not delay recovery of blood glucose to normal levels. 
| _ Thyrotoxicosis: Beta-adrenergic blockade may mask certain clinical signs (eg, tachycardia) of 
et hyperthyroidism. Abrupt withdrawal of beta blockade might precipitate a thyroid storm; therefore, 
patients suspected of developing thyrotoxicosis from whom TENORMIN therapy is to be withdrawn 
_ should be monitored closely. (See Dosage and Administration.) 
___ PRECAUTIONS: Impaired Renal Function: The drug should be used with caution in patients with 
= impaired renal function. (See Dosage and Administration.) 
ak i Interactions: Catecholamine-depleting drugs (eg, reserpine) may have an additive effect 
| when given with beta-blocking agents. Patients treated with TENORMIN plus a catecholamine 
__ depletor should therefore be closely observed for evidence of hypotension and/or marked 
bradycardia which may produce vertigo, syncope, or postural hypotension. 
< Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine 
p EEn, the beta blocker should be discontinued several days before the gradual withdrawal of 
= cionidine. 
= Carcinogenesis, Mutagenesis, Impairment of Fertility: Two long-term (maximum dosing duration 
Bey of 18 or 24 months) rat studies and one long-term (maximum dosing duration of 18 months) mouse 
ea study, each employing dose levels as high as 300 mg/kg/day or 150 times the maximum 
= ľecommended human dose, did not indicate a carcinogenic potential in rodents. Results of various 
= mutagenicity studies support this finding. 
f Fertility of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the 
maximum recommended human dose) was unaffected by atenolol administration. 
~ Animal Toxicology: Chronic studies performed in animals have revealed the occurrence of 
| vacuolation of epithelial cells of Brunner's glands in the duodenum of both male and female dogs at all 
| — tested dose levels of atenolol (starting at 15 mg/kg/day or 7.5 times the maximum recommended 
-human dose), and increased incidence of atrial degeneration of hearts of male rats at 300 mg but not 
| 150 mg atenolol/kg/day (150 and 75 times the maximum recommended human dose. respectively). 
i USAGE IN PREGNANCY: Pregnancy Category C. Atenolol has been shown to produce a dose- 
= related increase in embryo/fetal resorptions in rats at doses equal to or greater than 50 mg/kg/day or 
~ 250r more times the maximum recommended human dose. Although similar effects were not seen in 
rabbits, the compound was not evaluated in rabbits at doses above 25 mg/kg/day or 12.5 times the 
Maximum recommended human dose. There are no adequate and well-controlled studies in pregnant 
| _ women. TENORMIN should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 
_ Nursing Mothers: Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8 when compared 
____ tothe concentration in plasma. Caution should be exercised when TENORMIN is administered to a 
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nursing woman. 
+5 Ped Use: Safety and effectiveness in children have not been established. 
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ADVERSE REACTIONS: Most adverse effects have been mild and transient. Frequency estimates 
were derived from controlled studies in which adverse reactions were either volunteered by the patient 
(US studies) or elicited, eg. by checklist (foreign studies). The reported frequency of elicited adverse 
effects was higher for both TENORMIN (atenolol) and placebo-treated patients than when these 
reactions were volunteered. Where frequency of adverse effects for TENORMIN and placebo is similar, 
causal relationship to TENORMIN is uncertain. 

The following adverse-reaction data present frequency estimates in terms of percentages: firstfrom 4 
the US studies (volunteered side effects) and then from both US and foreign studies (volunteered and 
elicited side effects): 

US STUDIES (% ATENOLOL-% PLACEBO): 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (0%-0.5%), postural hypotension 
(2%-1%), leg pain (0%-0.5%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (4%-1%), vertigo (2%-0 5%), 
lightheadedness (1%-0%), tiredness (0.6%-0.5%), fatigue (3%-1%), lethargy (1%-0%), drowsiness 
(0.6%-0%), depression (0.6%-0.5%), dreaming (0%-0%) 

GASTROINTESTINAL: diarrhea (2%-0%), nausea (4%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (0%-0%), dyspnea (0.6%-1%) 

TOTALS US AND FOREIGN STUDIES: 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (12%-5%), postural hypotension 
(4%-5%), leg pain (3%-1%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (13%-6%), vertigo (2%-0.2%), 
lightheadedness (3%-0.7%), tiredness (26%-13%), fatigue (6%-5%), lethargy (3%-0.7%), drowsiness 
(2%-0.5%), depression (12%-9%), dreaming (3%-1%) 

GASTROINTESTINAL: diarrhea (3%-2%), nausea (3%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (3%-3%), dyspnea (6%-4%) 

MISCELLANEOUS: There have been reports of skin rashes and/or dry eyes associated with the use 
of beta-adrenergic blocking drugs. The reported incidence is small and, in most cases. the symptoms 
have cleared when treatment was withdrawn. Discontinuance of the drug should be considered if any 
such reaction is not otherwise explicable. Patients should be closely monitored following cessation of 
therapy 
POTENTIAL ADVERSE EFFECTS: In addition, a variety of adverse effects have been reported with 
other beta-adrenergic blocking agents, and may be considered potential adverse effects of 
TENORMIN. 

HEMATOLOGIC: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

ALLERGIC: Fever, combined with aching and sore throat, laryngospasm, and respiratory distress. 

CENTRAL NERVOUS SYSTEM: Reversible mental depression progressing to catatonia, visual 
disturbances, hallucinations, an acute reversible syndrome characterized by disorientation of time 
and place, short-term memory loss, emotional lability with slightly clouded sensorium, decreased 
performance on neuropsychometrics 

GASTROINTESTINAL: Mesenteric arterial thrombosis, ischemic colitis. 

OTHER: Reversible alopecia, Peyronie's disease, erythematous rash, Raynaud's phenomenon 

MISCELLANEOUS: The oculomucocutaneous syndrome associated with the beta blocker practolol ~ 
has not been reported with TENORMIN during investigational use and foreign marketing experience. 
Furthermore, a number of patients who had previously demonstrated established practolol reactions 
were transferred to TENORMIN therapy with subsequent resolution or quiescence of the reaction. 
OVERDOSAGE: To date. there is no known case of acute overdosage, and no specific information on 
emergency treatment of overdosage is available. The most common effects expected with overdosage 
of a beta-adrenergic blocking agent are bradycardia, congestive heart failure, hypotension, 
bronchospasm, and hypoglycemia 

In the case of overdosage, treatment with TENORMIN should be stopped and the patient carefully 
observed. TENORMIN can be removed from the general circulation by hemodialysis. In addition to 
gastric lavage, the following therapeutic measures are suggested if warranted: 

BRADYCARDIA: Atropine or another anticholinergic drug 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacemaker. 

CONGESTIVE HEART FAILURE: Conventional therapy. 

HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephrine rather than isoproterenol 
or norepinephrine may be useful in addition to atropine and digitalis 

BRONCHOSPASM: Aminophylline, isoproterenol, or atropine 

HYPOGLYCEMIA: Intravenous glucose. 

DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg given as 
one tablet a day either alone or added to diuretic therapy. The full effect of this dose will usually be 
seen within 1 to 2 weeks. If an optimal response is not achieved, the dosage should be increased to 
TENORMIN 100 mg given as one tablet a day. Increasing the dosage beyond 100 mg a day is unlikely 
to produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including 
thiazide-type diuretics, hydralazine, prazosin, and alpha-methyldopa 

Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. If an optimal 
response is not achieved within 1 week, the dosage should be increased to TENORMIN 100 mg given 
as one tablet a day. Some patients may require a dosage of 200 mg once a day for optimal effect. 

Twenty-four-hour control with once-daily dosing is achieved by giving doses larger than necessary 
to achieve an immediate maximum effect. The maximum early effect on exercise tolerance occurs 
with doses of 50 to 100 mg, but at these doses the effect at 24 hours is attenuated, averaging about 
50% to 75% of that observed with once-a-day oral doses of 200 mg. 

Patients with Renal Impairment: Since TENORMIN is excreted via the kidneys, dosage 
should be adjusted in cases of severe impairment of renal function. No significant accumulation of 
TENORMIN occurs until creatinine clearance falls below 35 mL/min/1.73 m2 (normal range is 
100-150 mL/min/1.73 m2); therefore, the following maximum dosages are recommended 
for patients with renal impairment: 


A 
Creatinine Clearance Atenolol `“ 
(mL/min/1.73 m2) Elimination Half-life (h) Maximum Dosage 
15-35 16-27 50 mg daily 
<15 >27 50 mg every other day 


Patients on hemodialysis should be given 50 mg after each dialysis; this should be done under 
hospital supervision as marked falls in blood pressure can occur. 

Cessation of hero: If withdrawal of TENORMIN therapy is planned, it should be achieved 
gradually over a period of about 2 weeks. Patients should be carefully observed and advised to limit 
poyga activity to a minimum, i 

| SUPPLIED: Tablets of 50 mg atenolol, NDC 0310-0105 (round, flat, uncoated white tablets _ 
identified with ICI debossed on one side and 105 debossed on the other side, bisected) are supplied 
in bottles of 100 tablets and unit-dose pacts es of 100 tablets. 

Tablets of 100 mg atenolol, NDC 0310-010T (round, flat, uncoated white tablets identified with ICI 
debossed on one side and 101 debossed on the other side) are supplied in bottles of 100 tablets and 
unit-dose pacrages of 100 tablets 

Protect from heat, light, and moisture 

A/11/86 


References: 1. Quyyumi AA, Crake T, Wright CM, et al: Medical treatment of patients with severe 
exertional and rest angina: Double blind comparison of beta blocker, calcium antagonist, and nitrate. 
Br Heart J 1987;57:501-511. 2. Findlay IN, Dargie HJ: The effects of nifedipine, atenolol and that 
combination on left ventricular function. Postgrad Med J Ltrs it sae | 2):70-73. 3. Schwartz JB: 
Atenolol in the treatment of angina: Once daily cardioselective B-blockade for angina pectoris. Drugs 
1983;25(supp! 2):160-165 


ICI PHARMA i 


Division of ICI Americas Inc. © 1989 ICI AMERICAS INC. 
WILMINGTON, DELAWARE 19897 USA ICI-2677 


aaa 


m 








Treat Your Practice Like 
You Treat Your Patients 


Just as no one medication is right for every 
patient, no one stress test system is right for 


every physician. So why buy your system from 


a company that offers only one choice? 
Chances are yov’ll end up with more or less 
than you really need. 


Selection 

Quinton offers a choice of five ECG stress 
test monitors, numerous exercise devices, 
and pulmonary-exercise-test options. From 
the small office to large hospital, there’s a 
system that’s just right for you. 


No Compromise 

Don’t settle for little more than a glorified 
ECG cart. On an “‘office-sized’’ budget, you 
can have the features and performance you'd 
expect from hospital-type stress test systems. 
All Quinton systems are feature- -packed and 
state-of-the-art. 





The Right R, For Your Business- 
uinton Stress Systems 


Ease of Operation 

Quinton stress test systems free you to 
concentrate on your patients. Even our top- 
of-the-line Q5000 System, with more 
diagnostic parameters and analysis capabilities 
than any other system on the market, is 
remarkably easy to use. 


Quality and Service 

You can rely on our 30 years of experience in 
this business. Every system we sell is backed 
by our field representatives, factory customer- 
support staff, and extensive service network. 


Entrust your business to the company that 
knows stress testing best. CALL US TOLL 


FREE for more information. 


Quinton Instrument Company; 2121 Terry Avenue; 

Seattle, WA 98121-2791: Telex 3794094 QUINTON SEA 

USA and Canada call toll free: 

Domestic Sales 800/426-0347, Canada Sales 800/633-2888 
Washington, Alaska, Latin America, Caribbean and Asia-Pacific: 
Telephone: 206/223-7373 


Europe, Middle East, Africa, India and Pakistan: Lode BV. Groningen, 
The Netherlands Telephone: 31-50-712811, Telex 77197 LODE NL 


Quinton 
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CORONARY ARTERY DISEASE 


1 1 fe UNS E A PNA TE Pe S AEEA eR Ga E Ta E ET re 
Dyslipidemias with Desirable Plasma Total Cholesterol Levels 
and Angiographically Demonstrated Coronary Artery Disease 
Michael Miller, Lucy A. Mead, Peter O. Kwiterovich, Jr., and 

Thomas A. Pearson 


A total cholesterol <200 mg/dl is “desirable” and no further evaluation of 
plasma lipoproteins is recommended based on guidelines established by 
the National Cholesterol Education Program. To examine dyslipidemias 
in a population with desirable cholesterol levels, 1,000 patients undergoing 
diagnostic coronary arteriography were evaluated. Of 288 patients with 
desirable cholesterol levels, approximately 67% of men with angiographi- 
cally demonstrated coronary artery disease (CAD) and 80% of women 
with CAD had low levels of high density lipoprotein cholesterol (<35 and 
<45 mg/dl, respectively) (p <0.05). Multiple logistic regression analysis 
revealed that high density lipoprotein cholesterol in men and very low 
density lipoprotein cholesterol in women were associated with CAD after 
adjustment for other risk factors. These results suggest that all CAD 
patients should be screened for dyslipidemias, regardless of the plasma (or 
serum) total cholesterol level. 


A ERE eee MABE a sors Bae OP ens Pe AE Lg E AD 
Blood Cholesterol Screening in Several Environments Using a 
Portable, Dry-Chemistry Analyzer and Fingerstick Blood 
Samples 

Reagan H. Bradford, Paul S. Bachorik, Karen Roberts, O. Dale Williams, 
and Antonio M. Gotto, Jr., for the Lipid Research Clinics Cholesterol 
Screening Study Group 


The 11 United States Lipid Research Clinics evaluated a portable, dry- 
chemistry analyzer using capillary blood for measuring cholesterol in 
several typical screening environments. Data are reported from a total of 
13,824 participants, spanning the entire age spectrum. Overall, the pro- 
portion of referred screened subjects was at the expected level, but differed 
significantly among the screening environments and by gender. Follow-up 
telephone interviews indicated that >50% of the referrals had initiated a 
physician contact. Approximately 75% of those who had seen a physician 
reported that the diagnosis of hypercholesterolemia had been confirmed 
and a diet had been prescribed. A large proportion of referred screened 
subjects reported having modified their diets. 


Continued on page A16 
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verapamil HCl] ==> 


SUSTAINED-RELEASE CAPLETS 


BRIEF SUMMARY 

Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
< 90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 2nd- or 3rd- 
degree AV block (if no pacemaker is present), atrial flutter/fibrillation with an accessory bypass tract 
(eg, WPW or LGL syndromes), hypersensitivity to verapamil. 

Warnings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection fraction 
< 30%) or moderate to severe symptoms of cardiac failure and in patients with any degree of 
ventricular dysfunction if they are receiving a beta-blocker. Control milder heart failure with optimum 
digitalization and/or diuretics before Calan SR is used. Verapamil may occasionally produce hypotension. 
Elevations of liver enzymes have been reported. Several cases have been demonstrated to be produced 
by verapamil. Periodic monitoring of liver function in patients on verapamil is prudent. Some patients 
with paroxysmal and/or chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or 
LGL syndromes) have developed an increased antegrade conduction across the accessory pathway 
bypassing the AV node, producing a very rapid ventricular response or ventricular fibrillation after 
receiving I.V. verapamil (or digitalis). Because of this risk, oral verapamil is contraindicated in such 
patients. AV block may occur (2nd- and 3rd-degree, 0.8%). Development of marked 1st-degree block 
or progression to 2nd- or 3rd-degree block requires reduction in dosage or, rarely, discontinuation and 
institution of appropriate therapy. Sinus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary 
edema and/or severe hypotension were seen in some critically ill patients with hypertrophic cardio- 
myopathy who were treated with verapamil. 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic function (in 
severe dysfunction use about 30% of the normal dose) or impaired renal function, and patients should 
be monitored for abnormal prolongation of the PR interval or other signs of overdosage. Verapamil 
may decrease neuromuscular transmission in patients with Duchenne’s muscular dystrophy and may 
prolong recovery from the neuromuscular blocking agent vecuronium. It may be necessary to decrease 
verapamil dosage in patients with attenuated neuromuscular transmission. Combined therapy with 
beta-adrenergic blockers and verapamil may result in additive negative effects on heart rate, atrioven- 
tricular conduction and/or cardiac contractility; there have been reports of excessive bradycardia and 
AV block, including complete heart block. The risks of such combined therapy may outweigh the 
benefits. The combination should be used only with caution and close monitoring. Decreased 
metoprolol clearance may occur with combined use. Chronic verapamil treatment can increase serum 
digoxin levels by 50% to 75% during the first week of therapy, which can result in digitalis toxicity. In 
patients with hepatic cirrhosis, verapamil may reduce total body clearance and extrarenal clearance of 
digitoxin. The digoxin dose should be reduced when verapamil is given, and the patient carefully 
monitored. Verapamil will usually have an additive effect in patients receiving blood-pressure-lowering 
agents. Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
administration. Concomitant use of flecainide and verapamil may have additive effects on myocardial 
contractility, AV conduction, and repolarization. Combined verapamil and quinidine therapy in patients 
with hypertrophic cardiomyopathy should be avoided, since significant hypotension may result. 
Concomitant use of lithium and verapamil may result in a lowering of serum lithium levels or increased 
sensitivity to lithium. Patients receiving both drugs must be monitored carefully. Verapamil may increase 
carbamazepine concentrations during combined use. Rifampin may reduce verapamil bioavailability. 


*|n mild to moderate hypertension. 


Phenobarbital may increase verapamil clearance. Verapamil may increase serum levels of cyclosporin 
Concomitant use of inhalation anesthetics and calcium antagonists needs careful titration to avoid 
excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular blocking 
agents (curare-like and depolarizing); dosage reduction may be required. Adequate animal carcinogen: 
icity studies have not been performed. One study in rats did not suggest a tumorigenic potential, and 
verapamil was not mutagenic in the Ames test. Pregnancy Category C. There are no adequate and 
well-controlled studies in pregnant women. This drug should be used during pregnancy, labor, and 
delivery only if clearly needed. Verapamil is excreted in breast milk; therefore, nursing should be 
discontinued during verapamil use. 

Adverse Reactions: Constipation (7.3%), dizziness (3.3%). nausea (2.7%), hypotension (2.5%), 
headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue (1.7%), dyspnea (1.4%), 
bradycardia: HR < 50/min (1.4%), AV block: total 1°,2°,3° (1.2%), 2° and 3° (0.8%), rash (1.2%) 
flushing (0.6%), elevated liver enzymes. The following reactions, reported in 1.0% or less of patients, 
occurred under conditions where a causal relationship is uncertain: angina pectoris, atrioventricular 
dissociation, chest pain, claudication, myocardial infarction, palpitations, purpura (vasculitis), syncope 
diarrhea, dry mouth, gastrointestinal distress, gingival hyperplasia, ecchymosis or bruising, cerebro- 
vascular accident, confusion, equilibrium disorders, insomnia, muscle cramps, paresthesia, psychotic 
symptoms, shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macules 
sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gynecomastia, 
increased urination, spotty menstruation, impotence 2/9/89 * A88-W5282V-1 


References: 1. Reinfrank J, Eckardt A, Schneider G, et al: Long-term efficacy and safety of 
verapamil SR 240 mg in hypertension. Acta Therapeutica 1989;15:221-235. 2. Saunders E, 
Weir MR, Kong BW, et al: A comparison of the efficacy and safety of a beta blocker, calcium 
channel blocker, and converting enzyme inhibitor in hypertensive blacks. Arch Intern Med (to 
be published). 3. Speders S, Sosna J, Schumacher A, et al: Efficacy and tolerability of Isoptin 
SR in essential hypertension: Results of a phase IV study under practice conditions. Hochdruck 
1988;8:3-14. 4. Henry JA, Chester PC, Latham AN; Sustained-release verapamil or ateno- 
lol in essential hypertension. J Drug Dev 1988; 1:69-75. 5. Midtbo KA, Hals O, Lauve O: A 
new sustained-release formulation of verapamil in the treatment of hypertension. J Clin 
Hypertens 1986;3:125S-132S. 6. Bochsler JA, Simmons RL, Ward PJ, et al: Verapamil SR 
and propranolol LA: A comparison of efficacy and side effects in the treatment of mild to 
moderate hypertension. J Hum Hypertens 1988;1:305-310. 
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Beg ee ees a Te a ne 
Relation of Silent Myocardial Ischemia After Coronary Artery 
Bypass Grafting to Angiographic Completeness of 
Revascularization and Long-Term Prognosis 

Harold L. Kennedy, Sondra M. Seiler, Michael K. Sprague, Sharon M. 
Homan, James A. Whitlock, Morton J. Kern, Michel G. Vandormael, 
Hendrick B. Barner, John E. Codd, and Vallee L. Willman, with the 
technical assistance of Debra Lyyski 


To assess the prevalence and characteristics of ambulatory electrocardio- 
graphic silent ischemia and examine its relation to angiographic revascu- 
larization and long-term outcome after coronary artery bypass grafting 
(CABG), 94 patients at 1 to 3 months after CABG and 184 patients at 12 
months after CABG were examined by 24-hour ambulatory electrocardi- 
ography. Silent ischemia was detected in 20% of patients examined early 
and in 27% of patients examined late. Ambulatory electrocardiographic 
silent ischemia was not found to be associated with graft or anastamotic 
site occlusions, low graft flow rates, grafted vessels with significant distal 
residual stenoses or ungrafted stenotic native vessels. Kaplan-Meier and 
Cox regression analysis of 30 covariates failed to detect an increased risk 
of an adverse clinical outcome associated with silent ischemia during a 
mean follow-up of 48 + 11 months. 


iy eg a re, Se Es gee te es Be oe 
Frequency and Significance of Late Evolution of Q Waves in 
Patients with Initial Non-Q-Wave Acute Myocardial Infarction 
Robert E. Kleiger, William E. Boden, Kenneth B. Schechtman, Robert S. 
Gibson, David J. Schwartz, Barbara J. Geiger, Robert J. Capone, Robert 
Roberts, and the Diltiazem Reinfarction Study Group 


Five hundred forty-four patients with non-Q-wave acute myocardial in- 
farcts randomized to a diltiazem—placebo-controlled therapeutic trial had 
sequential electrocardiograms and repetitive measurements of CK-MB 
enzymes to assess the proportion of patients who developed Q waves after 
randomization to trial and the relation between Q-wave development and 
extension of infarct. Seventy-six patients (14%) developed late Q waves. 
Fourteen of these patients also had extension as determined by secondary 
increases in CK-MB. Patients who developed Q waves had higher peak 
CK-MB levels at entry, were more likely to have ST elevation on their 
presenting electrocardiogram, and had significantly higher percentage of 
extensions, although the majority of patients did not extend. Most Q 
waves developed between 2 days of study entry (mean time at entry 50 + 
10 hours). No clinical or electrocardiographic variable showed high pre- 
dictive value for the development of Q waves. 


Continued on page A20 
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MEVACOR is indicated as an adjunct to diet for the reduction of 
elevated total and LDL cholesterol levels in patients with primary 
hypercholesterolemia (Types Ila and llb) when response to 
nonpharmacologic measures has been inadequate. 

MEVACOR is contraindicated in patients who are hypersensitive to any component of the 
medication; in patients with active liver disease or unexplained persistent transaminase 


elevations; in pregnant or lactating patients; and in women of childbearing age, except 
when such patients are highly unlikely to conceive. 


It is recommended that liver function tests be performed before treatment begins, every 


4 to 6 weeks during the first 15 months of therapy, and periodically thereafter in all patients. 


The effect of lovastatin-induced changes in serum lipoprotein levels, including reduction of 
serum cholesterol, on cardiovascular morbidity or mortality has not been established. 


For more details on warnings, precautions, and adverse reactions, including cautionary 
information regarding liver dysfunction, myopathy, and slit-lamp monitoring, please see 
Prescribing Information. 


For a Brief Summary of Prescribing Information, please see the following page. 


Copyright ©1988 by Merck & Co., INC. 


Le 
—Male, age 58 


— Two years post-myocardial 
infarction 


— Elevated total cholesterol 
of 255 mg/dL after 
adequate trial of a 
cholesterol-lowering diet 


— After 6 weeks on 
MEVACOR, total 
cholesterol is 209 mg/dL 
(dosage: 20 mg once daily 
with the evening meal) 


Results with MEVACOR 
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Not everyone will respond as did the patient 
in this hypothetical case history; however, the 
mean reduction in total cholesterol in clinical 
trials was 17% at 20 mg once a day and 27% 
at 20 mg b.i.d. 


TABLETS, 20mg and 40mg DOHME 





MEVACOR 


(LOVASTATIN | MSD) 


i 20 |; Now available as a 
mg 40-mg tablet 





CONTRAINDICATIONS: Hypersensitivity to any component of this 
medication. 

Active liver disease or unexplained persistent elevations of serum 
transaminases. 

Pregnancy and lactation. 

Atherosclerosis is a chronic process and the discontinuation of lipid- 
lowering drugs during pregnan should have little impact on the outcome 
of long-term therapy of primary Leament ys aioe-wh Moreover, choles- 
terol and other products of the cholesterol biosynthesis pathway are es- 
sential components for fetal development, including synthesis of steroids 
and cell membranes. Because of the ability of inhibitors of HMG-CoA re- 
ductase such as MEVACOR® (Lovastatin, MSD) to decrease the synthesis 
of cholesterol and possibly other products of the cholesterol biosynthesis 
pathway, MEVACOR may cause fetal harm when administered to a preg- 
nant woman. Therefore, lovastatin is contraindicated during pregnancy. 
Lovastatin should be administered to women of childbearing age only 
when such peen are highly unlikely to conceive. If the patient becomes 
pregnant while taking this drug, lovastatin should be discontinued and the 
patient should be apprised of the potential hazard to the fetus. 


WARNINGS: Liver Dysfunction: Marked persistent increases (to more 
than 3 times the upper limit of normal) in serum transaminases 
occurred in 1.9% of adult patients who received lovastatin for at least 
one year in clinical trials (see ADVERSE REACTIONS). When the drug 
was interrupted or discontinued in these patients, the transaminase levels 
usually fell slowly to pretreatment levels. The increases usually appeared 
3 to 12 months after the start of therapy with lovastatin and were not 
associated with jaundice or other clinical signs or symptoms. There was 
no evidence of hypersensitivity. A liver biopsy was done in one of these 

atients and showed areas of focal hepatitis. in this patient, transaminase 
evels returned to normal following discontinuation of therapy. Some of 
these patients had abnormal liver function tests prior to lovastatin therapy 
and/or consumed substantial quantities of alcohol. 

itis recommended that liver function tests be performed before treat- 
ment begins, every 4 to 6 weeks a the first 15 months of therapy 
with lovastatin, and periodically thereafter in all patients. Special atten- 
tion should be paid to patients who develop elevated serum transaminase 
levels, and in these patients, measurements should be repeated promptly 
and then performed more frequently. If the transaminase levels show evi- 
dence of progression, particularly if they rise to 3 times the nor limit of 
normal and are persistent, the drug should be discontinued. Liver biopsy 
should be considered if elevations are persistent beyond the discontinua- 
tion of the drug. 

The drug should be used with caution in patients who consume sub- 
stantial quantities of alcohol and/or have a past history of liver disease. 
Active liver disease or unexplained transaminase elevations are contrain- 
dications to the use of lovastatin. 

As with other lipid-lowering agents, moderate (less than 3 times the 
upper limit of normal) elevations of serum transaminases have been 
reported following therapy with MEVACOR (see ADVERSE pt Here 
These changes appeared soon after initiation of therapy with MEVACOR, 
were often transient, were not accompanied by any symptoms, and inter- 
ruption of treatment was not required. 


Skeletal Muscle: Several cases of rhabdomyolysis have been asso- 
ciated with lovastatin therapy alone, when combined with immunosup- 
pressive therapy including cyclosporine in cardiac transplant patients, 
and when combined in non-transplant patients with either gemfibrozil 
or lipid-lowering doses (> 1 g/day) of nicotinic acid. Acute renal failure 
from rhabdomyolysis has been seen more commonly with the 
lovastatin-gemfibrozil combination and has also been reported in 
transplant patients receiving lovastatin plus cyclosporine. 

Rhabdomyolysis with or without renal impairment has been reported 
in seriously ill patients receiving erythromycin concomitantly with 
lovastatin. Therefore, patients receiving concomitant lovastatin and 
erythromycin should be carefully monitored. 

Fulminant rhabdomyolysis has been seen as soy as 3 weeks after 
initiation of combined therapy with gemfibrozil and lovastatin but may 
be seen after several months. For these reasons, it is felt that in most 
subjects who have had an unsatisfactory lipid response to either ge 
alone, the — benefits of combined therapy with lovastatin an 
gemfibrozil do not prety e the risks of severe myopathy, rhabdo- 
myolysis, and acute rena! failure. While it is not known whether this 
interaction occurs with fibrates other than gemfibrozil, = feet and 
rhabdomyolysis have et been associated with the use of 
other fibrates alone, including clofibrate. Therefore, the combined use 
of lovastatin with other fibrates should gta be avoided. 

Physicians contemplating combined therapy with lovastatin and 
lipid- prenia doses of nicotinic acid or with immunosuppressive drugs 
should carefully weigh the potential benefits and risks and should care- 
fully monitor patients for any signs and symptoms of muscle pain, 
tendemess, or weakness, particularly during the initial months of ther- 
apy and during any periods of upward dosage titration of either drug. 
Periodic CPK determinations may be considered in such situations, but 
there is no assurance that such monitoring will prevent the occurrence 
of severe pathy. The monitoring of lovastatin drug and metabolite 
levels may be considered in transplant patients who are treated with 
immunosuppressives and lovastatin. 

Lovastatin therapy should be temporarily withheld or discontinued in 
any patient with an acute, serious condition suggestive of a mh ped or 
having a risk factor predisposing to the development of renal failure 
secondary to rhabdomyolysis, including severe acute infection, hypo- 
tension, major surgery, trauma, severe metabolic, endocrine, and 
electrolyte disorders, and uncontrolled seizures. 

re has been associated with lovastatin a Transient, mildly 
elevated creatine phosphokinase levels are commonly seen in lovastatin- 
treated patients. However, in clinical trials, approximately 0.5% of 
patients developed a myopathy, i.e., myalgia or muscle weakness 
associated with markedly elevated CPK levels. Myopathy should be con- 
sidered in any patient with diffuse myalgias, muscle tenderness or weak- 
ness, and/or marked elevation of CPK. Patients should be advised to 
report promptly unexplained muscle pain, tenderness, or weakness, par- 
ticularly if accompanied by malaise or fever. Lovastatin therapy should be 
discontinued if markedly elevated CPK levels occur or myopathy is diag- 
nosed or suspected. 

Most of the patients who have developed myopathy (including rhabdo- 
myolysis) while taking lovastatin were receiving concomitant therapy with 
immunosuppressive drugs, gemfibrozil, or grid doses of nico- 
tinic acid. In clinical trials, about 30% of patients on concomitant 
immunosuppressive therapy including cyclosporine developed myop- 
athy; the corresponding percentages for gemfibrozil and niacin were 
approximately 5% and 2%, respectively. 

In 6 patients with cardiac transplants taking immunosuppressive ther- 
apy including cyclosporine concomitantly with lovastatin 20 mg/day, the 
average plasma level of active metabolites derived from lovastatin was 
elevated to approximately 4 times the expected levels. Because of an 
apparent relationship between increased plasma levels of active metabo- 
lites derived from lovastatin and myopathy, the daily dosage in patients 
taking immunosuppressants should not exceed 20 mg/day (see DOSAGE 
AND ADMINISTRATION). Even at this dosage, the benefits and risks of 
using lovastatin in patients taking immunosuppressants should be care- 
fully considered. 


PRECAUTIONS: General: Before instituting therapy with MEVACOR® 
(Lovastatin, MSD), an attempt should be made to control hypercholester- 
olemia with appropriate diet, exercise, weight reduction in obese patients, 
ir see other underlying medical problems (see INDICATIONS AND 
Lovastatin may elevate creatine ahs eto and transaminase lev- 
els (see ADVERSE REACTIONS). This should be considered in the differ- 
ential diagnosis of chest pain in a patient on therapy with lovastatin. 


Eye: There was a high prevalence of baseline lenticular opacities in the 
patient population included in the clinical trials with lovastatin. During 
these trials the appearance of new opacities was noted. The causal rela- 
tionship of lovastatin to these findings has not been established. 

_Of 431 patients examined with slit lamp at baseline and during therap 
with lovastatin, 34 had opacities reported at the final examination (5 to 1 
months after starting lovastatin) that were not noted at baseline. On the 
other hand, in 45 patients, opacities observed at baseline were not noted 
at the final examination, so that the prevalence did not increase. There was 
no Clinically significant change in visual acuity in the patients who had new 
Opacities reported, nor was any patient, including those with opacities 
noted at baseline, discontinued from therapy because of a decrease in 
visual acuity. Nevertheless, until further experience is obtained, it is rec- 
ommended that patients placed on lovastatin therapy be examined with a 
che =o before or shortly after initiation of treatment and annually 

ereafter. 


Homozygous Familial Hypercholesterolemia: MEVACOR is less 
effective we cs with the rare homozygous familial hypercholesterol- 
emia, possibly because these patients have no functional LDL receptors. 
MEVACOR appears to be more likely to raise serum transaminases (see 
ADVERSE REACTIONS) in these homozygous patients. 


Drug Interactions: Immunosuppressive Drugs, Gemfibrozil, Niacin 
(Nicotinic Acid), Erythromycin: See WARNINGS, Skeletal Muscle. 

Coumarin Anticoagulants: In a clinical trial in warfarin-treated patients 
designed specifically to observe a potential effect of lovastatin on the pro- 
thrombin time, lovastatin in dosages up to 40 mg b.i.d. did not produce 
any consistent alteration of the anticoagulant action of warfarin. However, 
since the drug was marketed, ete evident bleeding and/or increased 
prothrombin time have been reported in a few patients taking coumarin 
anticoagulants concomitantly with lovastatin. The causal relationship to 
lovastatin is unclear. Nevertheless, it is recommended that in patients tak- 
ing anticoagulants, prothrombin time be determined before starting lov- 
astatin and frequently enough during early therapy to insure that no 
significant alteration of prothrombin time occurs. Once a stable prothrom- 
bin time has been documented, prothrombin times can be monitored at 
the intervals usually recommended for patients on coumarin anticoagu- 
lants. If the dose of lovastatin is changed, the same procedure should be 
repeated. Lovastatin therapy has not been associated with bleeding or 
with changes in prothrombin time in patients not taking anticoagulants. 

Antipyrine: Antipyrine is a model for drugs metabolized by the micro- 
somal hepatic enzyme system (cytochrome P450 system). Because lov- 
astatin had no effect on the pharmacokinetics of antipyrine, interactions 
with other drugs metabolized via this mechanism are not expected. 

Propranolol: in normal volunteers, there was no Clinically significant 
pharmacokinetic or pharmacodynamic interaction with concomitant 
administration of single doses of lovastatin and propranolol. 

Digoxin: \n patients with hypercholesterolemia, concomitant adminis- 
tration of lovastatin and digoxin resulted in no effect on digoxin plasma 
concentrations. 

Other Concomitant Therapy: Although specific interaction studies were 
not performed, in clinical studies, lovastatin was used concomitantly with 
beta blockers, calcium channel blockers, diuretics, and nonsteroidal anti- 
inflammatory drugs (NSAIDs) without evidence of clinically significant 
adverse interactions. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: \n a 21-month 
carcinogenic study in mice, a statistically significant (p<0.05) increase in 
the incidence of hepatocellular carcinomas and adenomas was observed 
at doses of 500 mg/kg/day (312 times the maximum recommended 
human dose) of lovastatin. These changes were not seen in mice given 
doses of 20 and 100 mg/kg/day (12.5 and 62.5 times the maximum rec- 
ommended human dose). 

A statistically significant increase (p<0.05) in the incidence of pulmo- 
nary adenomas was seen in female mice receiving 500 mg/kg/day (312 
times the maximum recommended human ehh no similar changes 
were seen in males at any dose or in females receiving 20 or 100 mg/kg/ 
day (12.5 or 62.5 times the maximum recommended human dose). Be- 
cause the incidence of pulmonary tumors was within the range of 
untreated animals in studies of similar duration, the relationship of this 
latter change to treatment is not known. 

In addition, an increase in the incidence of papilloma in the non-glandu- 
lar mucosa of the stomach was observed in mice receiving 100 and 500 
mg/kg/day (62.5 and 312 times the maximum recommended human 
dose); no increase was seen at a dosage of 20 mg/kg/day (12.5 times the 
maximum recommended human dose). The glandular mucosa was not 
affected. The human stomach contains only glandular mucosa. Impor- 
tantly, there is a strong association between this change and hyperplasia 
of the squamous epithelium (acanthosis) in this region; acanthosis is a 
characteristic change observed in the non-glandular mucosa of rodents 
treated with HMG-CoA reductase inhibitors and is most probably a result 
of inhibition of the reductase in this tissue. 

Similar squamous epithelium is found in the esophagus and anorectal 
junction of the mouse and rat; however, no evidence of a similar drug- 
induced i oe! ora response was observed in these tissues in studies of 
up to 21 months in the mouse given up to 500 mg/kg/day (312 times the 
maximum recommended human ont), or in a study of 24 months in the 
a oven 180 mg/kg/day (112 times the maximum recommended human 

Ose). 

In a 24-month carcinogenicity sudy in rats, there was a positive dose 
response relationship for hepatocellular carcinogenicity in males (unad- 
justed p = 0.025). However, because the incidence of hepatocellular car- 
cinogenicity observed in male rats in this study is similar to that observed 
spontaneously in this strain of rat, the implications of this finding are 
unclear. 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains of Salmonella typhimurium with or without rat or 
mouse liver metabolic activation. In addition, no evidence of damage to 
genetic material was noted in an in vitro alkaline elution assay using rat or 
mouse hepatocytes, a V-79 mammalian cell forward mutation study, an in 
vitro chromosome aberration study in CHO cells, or an in vivo chromo- 
somal aberration assay in mouse bone marrow. 

No drug-related effects on fertility were found in studies with rats. 


Pregnancy: Pregnancy Category X: See CONTRAINDICATIONS. 

Lovastatin has been shown to produce skeletal malformations in the rat 
fetus at doses of 800 mg/kg/day (500 times the maximum recommended 
human a At similar doses in mice, an increase in skeletal malforma- 
tions was observed. These individual changes are within the range of 
those observed spontaneously in this strain of mouse. No drug-induced 
changes were seen in either species at doses of 4 to 80 mg/kg/day (50 
times the maximum recommended human dose). No evidence of malfor- 
mations was noted in rabbits at up to 15 mg/kg/day (highest tolerated dose 
—about 9 times the maximum recommended human dose). There are no 
data in pregnant women. 


Nursing Mothers: Studies in rats have shown that lovastatin is excreted in 
the milk. It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk and because of the 
potential for serious adverse reactions in nursing infants from MEVACOR, 
women taking lovastatin should not nurse their infants (see 
CONTRAINDICATIONS). 


Pediatric Use: Safety and effectiveness in children have not been estab- 
lished. Because children are not likely to benefit from cholesterol lowering 
for at least a decade and because experience with this drug is limited (no 


Studies in subjects below the age of 20 years), treatment of children with 
lovastatin is not recommended at this time. 


ADVERSE REACTIONS: MEVACOR® (Lovastatin, MSD) is generally well 
tolerated; adverse reactions usually have been mild and transient. Less 
than 1% of patients were discontinued from controlled clinical studies due 
to adverse experiences attributable to MEVACOR. About 2% of patients 
were discontinued from all studies (controlled and uncontrolled) due to 
adverse experiences attributable to MEVACOR; about one-third of these 
patients were discontinued due to increases in serum transaminases. 


Clinical Adverse app Adverse experiences reported in patients 


eg with MEVACOR in controlled clinical studies are shown in the table 
ow: 
MEVACOR Placebo Cholestyramine Probucol 
(N=613) (N=82) (N = 88) (N=97) 
% % % % 
Gastrointestinal 
Constipation 4.9 — 34.1 2.1 
Diarrhea 5.5 4.9 8.0 10.3 
Dyspepsia 3.9 — 13.6 3.1 
Flatus 6.4 2.4 21.6 2.1 
Abdominal pain/cramps 5.7 2.4 5.7 5.2 
Heartburn 1.6 — 8.0 — 
Nausea 4.7 3.7 9.1 6.2 
Musculoskeletal 
Muscle cramps ti — 14 — 
Myalgia 2.4 1:2 — — 
Nervous Systemn/Psychiatric 
Dizziness 2.0 12 — 1.0 
Headache 9.3 49 4.5 8.2 
Skin 
Rash/pruritus 5.2 — 4.5 — 
Special Senses 
Blurred vision 1.5 — 1.1 3.1 
Dysgeusia 0.8 — 1.1 —, 





Laboratory Tests: Marked persistent increases of serum transaminases 
have been noted (see WARNINGS). 

About 11% of patients had elevations of creatine phosphokinase (CPK) 
levels of at least twice the normal value on one or more occasions. The 
corresponding values for the control agents were cholestyramine, 9% and 

robucol, 2%. This was attributable to the noncardiac fraction of CPK. 
rge increases in CPK have sometimes been reported (see WARNINGS, 
Skeletal Muscle). 


Concomitant Therapy: \n controlled clinical studies in which lovastatin 
was administered concomitantly with cholestyramine, no adverse reac- 
tions peculiar to this concomitant treatment were observed. The adverse 
reactions that occurred were limited to those reported previously with 
lovastatin or cholestyramine. Other lipid-lowering agents were not admin- 
istered concomitantly with lovastatin during controlled clinical studies. In 
uncontrolled clinical studies, most of the patients who have developed 
myopathy were receiving concomitant therapy with immunosuppressive 
ug, poean. or niacin (nicotinic acid) (see WARNINGS, Skeletal 
uscle). 


Uncontrolled Clinical Studies: The adverse experiences observed in 
uncontrolled studies were similar to those seen in controlled clinical 
studies. Abnormal liver function tests were observed at a higher incidence 
than in the controlled studies (see WARNINGS, Liver Dysfunction). Myop- 
athy ye with marked CPK elevations) was reported in approx- 
imately 0.5% of patients (see WARNINGS, Skeletal Muscle). 


Causal Relationship Unclear: Nervous System: Peripheral neuropathy 
has been reported; the relationship to lovastatin is uncertain. Visual 
evoked response, nerve conduction measurements, and electromyogra- 

hy in over 30 patients showed no evidence of neurotoxic effects of 
ovastatin. 

Special Senses: Of 431 patients examined with slit lamp at baseline and 
during therapy with lovastatin, 34 had opacities reported at the final exam- 
ination (5 to 15 months after starting lovastatin) that were not noted at 
baseline. On the other hand, in 45 patients, opacities observed at baseline 
were not noted at the final examination, so that the prevalence did not 
increase (see PRECAUTIONS). 


Post-marketing Experience: Additional adverse experiences occurring 
since the drug was marketed are listed below: 
Clinical Adverse Experiences 
Gastrointestinal: Hepatitis, cholestatic jaundice, anorexia, 


vomiting. 
an k An apparent hypersensitivity syndrome 
has been reported rarely which has included one or more of the following 
features: anaphylaxis, angioedema, lupus-like syndrome, polymyalgia 
rheumatica, thrombocytopenia, leukopenia, hemolytic anemia, positive 
ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, photosensi- 
tivity, fever, and malaise. 
Nervous System/Psychiatric: Psychic disturbances, including 
anxiety; paresthesia. 
Causal Relationship Unknown 
Gastrointestinal: Pancreatitis, stomatitis. 
Skin: Alopecia. 
Nervous System/Psychiatric: Depression, insomnia 
Metabolic: Edema. 
Clinical pang! 4 Test Findings 
Liver Function Tests: Liver function test abnormalities, including 
elevated alkaline phosphatase and bilirubin. 


OVERDOSAGE: The oral LDsp of MEVACOR in mice is 20 g/kg. 

Five healthy human volunteers have received up to 200 mg of lovastatin 
as a ys dose without clinically significant adverse experiences. A few 
cases of accidental overdosage have been reported; no patients had any 
specific symptoms, and all patients recovered without sequelae. The max- 
imum dose taken was 52 20-mg tablets (1.04 g). 

Until further experience is obtained, no specific treatment of overdos- 
age with MEVACOR can be recommended. 

The dialyzability of lovastatin and its metabolites in man is not known at 
present. 


DOSAGE AND ADMINISTRATION: The patient should be placed on a stan- 
dard cholesterol-lowering diet before receiving MEVACOR and should 
continue on this diet during treatment with MEVACOR. MEVACOR should 
be given with meals. , 

he recommended starting dose is 20 mg once a day given with the 
evening meal. The recommended dosing range is 20 to 80 mg/day in sin- 
gle or divided doses; the maximum recommended dose is 80 mg/day. 

djustments of dosage should be made at intervals of 4 weeks or more. 

Doses should be individualized according to the patient's response (see 
Tables | to IV under CLINICAL PHARMACOLOGY, Clinical Studies for dose 
response results). 

or those patients with severely elevated serum cholesterol levels 
(i.e., >300 mg/dL [7.8 mmol/L] on diet), MEVACOR may be initiated at 40 
mg/day. 

In patients er immunosuppressive drugs concomitantly with 
lovastatin (see WARNINGS, Skeletal Muscle), the maximum recom- 
mended dosage is 20 mg/day. l et. 4 

Cholesterol levels should be monitored periodically and consideration 
should be given to reducing the dosage of MEVACOR 
if cholesterol levels fall below the targeted range. 





For more detailed information, consult your MSD Representative or see 
Prescribing Information, Merck Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, PA 19486. J8MC29R(508) 





= Change of Address? 
Please call us 6-8 weeks in advance if you 
are moving. 
a Questions or Problems? 
Are you encountering any problems with 
, your subscription? Need single copies or 
additional subscriptions? Call us toll free. 
a Gift Giving? 
The journal makes a useful, timely gift to colleagues. Simply call 
to place your orders. 


(call toll free) 1 -800-32 7-902 1 














Cardiologist 
Scott and White Clinic is seeking a board certified/eligible car- 
diologist to join our multi-specialty clinic in College Station. 
Prefer angeographic skills. College Station is the location of 
Texas A&M University and is an attractive town of 100,000 
about one and a half hours west of Houston. Contact: 


Dr. David Hackethorn 
Medical Director 
Scott & White Clinic, College Station 
1600 University Drive East 
College Station, Texas 77840 


or call (409) 268-3300 for more information. 
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Detection of Restenosis After Elective Percutaneous 
Transluminal Coronary Angioplasty Using the Exercise 
Treadmill Test 

James R. Bengtson, Daniel B. Mark, Michael B. Honan, David S. Rendall, 
Tomoaki Hinohara, Richard S. Stack, Mark A. Hlatky, Robert M. Califf, 
Kerry L. Lee, and David B. Pryor 


To determine the value of a 6-month exercise treadmill test for detecting 
restenosis after elective percutaneous transluminal coronary angioplasty 
(PTCA), 308 consecutive successful PTCA patients without a recent 
myocardial infarction were studied. Restenosis occurred in 25% of the 
patients who had repeat angiography and a follow-up treadmill test. Five 
variables were associated with a higher risk of restenosis: recurrent angina, 
exercise-induced angina, a positive treadmill test, more exercise ST devi- 
ation and a lower maximum exercise heart rate. However, only exercise- 
induced angina, recurrent angina and a positive treadmill test were inde- 
pendent predictors of restenosis. Using a combination of these variables, 
patients at high and low risk for restenosis could be identified. The exercise 
treadmill test stratified the risk of restenosis after elective PTCA better 
than symptoms. Nevertheless, 20% of patients with restenosis had neither 
recurrent angina nor exercise-induced ischemia at follow-up. For more 
accurate detection of restenosis, the exercise treadmill test must be supple- 
mented by a more definitive test. 


s+ AMEE ER RG hs Oe REDO eae a IE TERRES NaI RY od AO ES OE E a SS BE 
Usefulness of Coronary Angioplasty in Asymptomatic Patients 
H. Vernon Anderson, J. David Talley, Alexander J.R. Black, Gary S. 
Roubin, John S. Douglas, and Spencer B. King, Ill 


During a 7.5-year period, 6,545 patients underwent elective coronary 
angioplasty. We identified 114 patients (1.7%) who never had symptoms 
of myocardial ischemia. Exercise-induced silent myocardial ischemia was 
documented in 94% of them. Angioplasty was successful in 87%, whereas 
4% required emergency coronary bypass surgery and a further 2% had 
myocardial infarctions. Another 7% had unsuccessful procedures but no 
in-hospital cardiac events. Complete follow-up ranged from 5 to 93 
months. There were no deaths. In follow-up of the group of 99 patients 
with successful angioplasty, 7 patients underwent coronary bypass sur- 
gery, 4 patients had myocardial infarctions and 30 patients had repeat 
angioplasty for restenosis. Cumulative event-free survival over 5 years for 
the group with successful angioplasty was: 100% freedom from death, 
95% freedom from myocardial infarction, 87% freedom from myocardial 
infarction or coronary bypass surgery and 61% freedom from myocardial 
infarction, coronary bypass surgery or repeat angioplasty. Thus, coronary 
angioplasty performed in 114 asymptomatic patients achieved very good 
primary success, with low cardiac event rates and no deaths over several 
years of follow-up. Future randomized trials will be required to confirm 
therapeutic benefit from coronary angioplasty in asymptomatic patients 
with coronary artery disease. 


Continued on page A26 
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The only beta blocker 
as effective as quinidine 


without quinidine complications. 


In randomized, double-blind crossover studies,’* Sectral® (acebutolol HCI) 
was shown to be as effective as quinidine in reducing spontaneous 
premature ventricular contractions (PVCs), exercise-induced PVCs and 
complex PVCs* Unlike quinidine, Sectral® was not associated with drug- 
related gastric discomfort or diarrhea."? Clinical experience in over 1,000 
patients yielded only a 4 percent incidence of diarrhea, constipation or 
flatulence. 


As the investigators commented: “The antiarrhythmic activity of (Sectral®), 
its ancillary pharmacologic properties, and its tolerance by a diverse 
group of patients make (Sectral®) a significant tool for the clinician in the 
management of chronic arrhythmia.’”? 


Like other beta blockers, Sectral® is contraindicated in persistently severe 
bradycardia, second- and third-degree heart block, overt congestive 
heart failure and. cardiogenic shock. 


Initiate Sectral® therapy with 200 mg b.i.d. Dosage can be increased 
gradually until optimal response is obtained, generally between 600 mg 
to 1200 mg per A 


Please see brief semma on g#iacent page. 


acebutolol HCI 


For uncomplicated 
control of PVCs. 
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acebutolol HCI 


For uncomplicated control of PVCs. 


(Brief summary of prescribing information) 


| CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe bradycardia; 


2)second- and third-degree heart block; 3) overt cardiac failure; and 4) cardiogenic shock. (See 
WARNINGS) 


~ WARNINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the 


circulation in individuals with diminished myocardial contractility, and its inhibition by B - 


adrenergic receptor blockade may precipitate more severe failure. Although B -blockers should be 
avoided in overt cardiac failure, SECTRAL can be used with caution in patients with a history of 


heart failure who are controlled with digitalis and/or diuretics. Both digitalis and SECTRAL 


_ impair AV conduction. If cardiac failure persists, therapy with SECTRAL should be withdrawn. 


IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral 
valve disease or compromised left ventricular function, continued depression of the myocardium 
with B -blocking agents over a period of time may lead to cardiac failure. At the first signs of 
failure, patients should be digitalized and/or be given a diuretic and the response observed 


i closely. If cardiac failure continues despite adequate digitalization and/or diuretic, SECTRAL 


therapy should be withdrawn. 


EXACERBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WITHDRAWAL: 


Following abrupt cessation of therapy with certain B-blocking agents in patients with coronary 


artery disease, exacerbation of angina pectoris and, in some cases, myocardial infarction and 
death have been reported. Therefore, such patients should be cautioned against interruption of 


_ therapy without a physician's advice. Even in the absence of overt ischemic heart disease, when 
discontinuation of SECTRAL is planned, the patient should be carefully observed, and should be 


advised to limit physical activity to a minimum while SECTRAL is gradually withdrawn over a 


š 
RAT 


riod of about two weeks. (If therapy with an alternative B-blocker is desired, the patient may be 
ansferred directly to comparable doses of another agent without interruption of B-blocking 


; therapy). If an exacerbation of angina pectoris occurs, anti-anginal therapy should be restarted 
= immediately in full doses and the patient hospitalized until his condition stabilizes. 


PERIPHERAL VASCULAR DISEASE: Treatment with B-antagonists reduces cardiac output and 
can precipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or 
mesenteric vascular disease. Caution should be exercised with such patients and they should be 
observed closely for evidence of progression of arterial obstruction. 

BRONCHOSPASTIC DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
GENERAL, NOT RECEIVE AB-BLOCKER. Because of its relative B ,-selectivity, however, low 
doses of SECTRAL may be used with caution in patients with bronchospastic disease who do not 
respond to, or who cannot tolerate, alternative treatment. Since B ,-selectivity is not absolute and 
is dose-dependent, the lowest possible dose of SECTRAL should be used initially, preferably in 


_ divided doses to avoid the higher plasma levels associated with the longer dose-interval. A 


bronchodilator, such as a theophylline or a B ,-stimulant, should be made available in advance 
with instructions concerning its use. 


ANESTHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B- 
blocking therapy prior to major surgery is controversial. B -adrenergic receptor blockade impairs 
the ability of the heart to respond to B -adrenergically mediated reflex stimuli. While this might be of 
benefit in preventing arrhythmic response, the risk of excessive myocardial depression during 
general anesthesia may be enhanced and difficulty in restarting and maintaining the heartbeat has 
been reported with beta-blockers. If treatment is continued, particular care should be taken when 
using anesthetic agents which depress the myocardium, such as ether, cyclopropane and 
trichlorethylene, and it is prudent to use the lowest possible dose of SECTRAL. SECTRAL, like 
other B -blockers, is a competitive inhibitor of B-receptor agonists and its effect on the heart can be 
reversed by cautious administration of such agents (e.g., dobutamine or isoproterenol—see 
OVERDOSE). Manifestations of excessive vagal tone (e.g., profound bradycardia, hypotension) 
may be corrected with atropine 1 to 3 mg i.v. in divided doses. 

DIABETES AND HYPOGLYCEMIA: B -blockers may potentiate insulin-induced hypoglycemia and 
mask some of its manifestations such as tachycardia; however, dizziness and sweating are usually 
not significantly affected. Diabetic patients should be warned of the possibility of masked 
hypoglycemia. 

THYROTOXICOSIS: B -adrenergic blockade may mask certain clinical signs (tachycardia) of 
hyperthyroidism. Abrupt withdrawal of B-blockade may precipitate a thyroid storm; therefore, 
patients suspected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn 
should be monitored closely. 

PRECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolol 
in patients with renal insufficiency have not been performed in the U.S. Foreign published 
experience shows that acebutolol has been used successfully in chronic renal insufficiency. 
Acebutolo! is excreted through the G.I. tract, but the active metabolite, diacetolol, is eliminated 
predominantly by the kidney. There is a linear relationship between renal clearance of diacetolol 
and creatinine clearance. Therefore, the daily dose of acebutolo! should be reduced by 50% when 
the creatinine clearance is less than 50 mL/min and by 75% when it is less than 25 mL/min. 


= SECTRAL should be used cautiously in patients with impaired hepatic function. 


SECTRAL has been used successfully and without problems in elderly patients in the U.S. 


| clinical trials without specific adjustment of dosage. However, elderly patients may require lower 


maintenance doses because the bioavailability of both SECTRAL and its metabolite are 
approximately doubled in this age group. 

CLINICAL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with 
the development of antinuclear antibodies (ANA). In prospective clinical trials, patients receiving 
SECTRAL had a dose dependent increase in the development of positive ANA titers and the overall 
incidence was higher than that observed with propranolol. Symptoms (generally persistent 
arthralgias and myalgias) related to this laboratory abnormality were infrequent (less than 1% with 


_ both drugs). Symptoms and ANA titers were reversible upon discontinuation of treatment. 


INFORMATION FOR PATIENTS: Patients, especially those with evidence of coronary artery 


_ disease, should be warned against interruption or discontinuation of SECTRAL therapy without a 


physician's supervision. Although cardiac failure rarely occurs in properly selected patients, those 
being treated with B -adrenergic blocking agents should be advised to consult a physician if they 
develop signs or symptoms suggestive of impending CHF, or unexplained respiratory symptoms. 

Patients should also be warned of possible severe hypertensive reactions from concomitant use 
of a-adrenergic stimulants such as the nasal decongestants commonly used in OTC cold 
preparations and nasal drops. 


DRUG INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an 
additive effect when given with B-blocking agents. Patients treated with SECTRAL plus 
catecholamine depletors should, therefore, be observed closely for evidence of marked 
bradycardia or hypotension which may present as vertigo, syncope/pre-syncope, or ortho- 
static changes in blood pressure without compensatory tachycardia. Exaggerated hypertensive 
responses have been reported from the combined use of B-adrenergic antagonists and a- 
adrenergic stimulants, including those contained in proprietary cold remedies and vaso- 
constrictive nasal drops. Patients receiving B-blockers should be warned of this potential 
hazard. No significant interactions with digoxin, hydrochlorothiazide, hydralazine, 
sulfinpyrazone, oral contraceptives, tolbutamide or warfarin have been observed. 
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CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity 
studies in rats and mice, employing dose levels as high as 300 mg/kg/day, which is equivalent 
to 15 times the maximum recommended (60 kg) human dose, did not indicate a carcinogenic 
potential for SECTRAL (acebutolol HCl). Diacetolol, the major metabolite of SECTRAL in man, 
was without carcinogenic potential in rats when tested at doses as high as 1800 mg/kg/day. 
SECTRAL and diacetolo! were also shown to be devoid of mutagenic potential in the Ames 
Test. SECTRAL, administered orally to two generations of male and female rats at doses of up 
to 240 mg/kg/day [equivalent to 12 times the maximum recommended therapeutic dose in (a 
60 kg) man] and diacetolol, administered to two generations of male and female rats at doses 
of up to 1000 mg/kg/day, had no significant impact on reproductive performance or fertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been 
performed with SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of 
3 times the maximum recommended therapeutic dose in (a 60 kg) man. Studies have also been 
performed in these species with diacetolol (at doses of up to 450 mg/kg/day in rabbits and up 
to 1800 mg/kg/day in rats). Other than a significant elevation in postimplantation loss with 450 
mg/kg/day diacetolol, a level at which food consumption and body weight gain was reduced in 
rabbit dams and a non-statistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/day diacetolol, there was no evidence of harm to 
the fetus with either drug. There are no adequate and well-controlled trials in pregnant women 
in the U.S.; however, studies have shown that both acebutolol and diacetolol cross the placenta. 
Because animal teratology studies are not always predictive of the human response, SECTRAL 
should be used during pregnancy only if the potential benefit justifies the risk to the fetus. 
Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is 
unknown. Studies in animals have not shown any effect of SECTRAL on the usual course of 
labor and delivery. 
Nursing Mothers: Acebutolol and diacetolo! also appear in breast milk with a milk:plasma ratio 
of 7.1 and 12.2, respectively. Use in nursing mothers is not recommended. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as 
duration of treatment increases. 

The following table shows the frequency of treatment-related side effects derived from 
controlled clinical trials in patients with hypertension, angina pectoris, and arrhythmia. These 
patients received SECTRAL, propranolol, or hydrochlorothiazide as monotherapy, or placebo. 


TOTAL VOLUNTEERED AND ELICITED (U.S. STUDIES) 
SECTRAL Propranolol thiazide Placebo 


(N=1002) (N=424) (N=178) (N=314) 
% % % % 


Hydrochloro- 


Body System/ 
Adverse Reaction 

















Cardiovascular 
Chest Pain 
Edema 

Central Nervous System 
Depression 
Dizziness 
Fatigue 
Headache 
Insomnia 
Abnormal 
dreams 

Dermatologic 
Rash 

Gastrointestinal 
Constipation 
Diarrhea 
Dyspepsia 
Flatulence 
Nausea 

Genitourinary 
Micturition 
(frequency) 

Musculoskeletal 
Arthralgia 
Myalgia 

Respiratory 
Cough 
Dyspnea 
Rhinitis 

Special Senses 
Abnormal Vision 2 2 3 0 
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The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular. hypotension, bradycardia, heart failure. Central Nervous 
System: anxiety, hyper/hypoesthesia, impotence. Dermatological: pruritus. Gastrointestinal: 
vomiting, abdominal pain. Genitourinary: dysuria, nocturia. Musculoskeletal: back pain, joint 
pain. Respiratory: pharyngitis, wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 

The incidence of drug-related adverse effects (volunteered and solicited) according to 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 months on 
a constant dose.) 





400 mg/ 800 mg/ 1200 mg/ 
da day da 

Body System (N=132) (N=63) (N=71) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous 

System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 


POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have 
been reported with other B -blocking agents and should also be considered as potential adverse 
effects of SECTRAL. 

Central Nervous System: Reversible mental depression progressing to catatonia (an acute 
syndrome characterized by disorientation for time and place), short-term memory loss, 
emotional lability, slightly clouded sensorium, and decreased performance 
(neuropsychometrics). 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress. 

Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 

Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous 
syndrome associated with the B-blocker practolol has not been reported with SECTRAL during 
investigational use and extensive foreign clinical experience. 


Keep at room temperature. Approximately 25°C (77°F). 
*Sectral” is not indicated in ventricular tachycardia. 
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1. Shapiro W, Park J, Koch GG: Variability of spontaneous and exercise-induced ventricular arrhythmias in the 
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2. Chandraratna PAN: Comparison of acebutolo! with propranolol, quinidine, and placebo: Results of three 
multicenter arrhythmia trials. Am Heart J 1985;109:1198-1204. 
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(Angel Dust) 
The physiological and psychological symptoms of substance abuse can mimic an 


astounding range of systemic disorders. 


Even more frightening is the fact that illegal drugs can cause sudden death before 
any symptoms occur — regardless of the dose, blood levels, or route of administration. 
Help your patients stop illegal drug use before it stops them. Ask about abuse as 
HELP STOP SUBSTANCE ABUSE. 
ASK THE QUESTIONS. 
Partnership for a Drug-Free America 


a routine part of your examination. 
for Alcohol and Drug Abuse: 1-301-468-2600, Monday through Friday, 8:30 AM— 


For information, healthcare professionals may call the National Clearinghouse 
4:30 PM EST. 


MC-9 


Simply Revolutionary. 





Mix and match 
patient parameter 
modules, racks, 
printers, record- 
ers, and displays. 


Simply put: It’s revolutionary. 
The patient monitoring system 
that has it all. Sophisticated 
data management; information 
reliability; unprecedented 
versatility with a comprehen- 
sive range of interchangeable 
parameter modules for the 
ICU/CCU; intuitive operation 
for ease of use; color displays 
for enhanced readability; 
flexibility to customize screens, 
printed reports, and graphical 
and tabular trends; bedside 
recorder for real-time and 
delayed alarm recording; stor- 
age and printout of patient’s 
vital signs over the past 24 or 
48 hours; and component 
modularity for affordability 
and guaranteed upgradabil- 
ity. Introducing the HP Com- 
ponent Monitoring System. 


Now data management is 
as easy as 1, 2, 3. 

Literally. Because our Compo- 
nent Monitoring System does 
for patient information what 
the electronic spreadsheet 

did for business management. 
Powerful pre-programmed 
calculations let you see hemo- 
dynamic, oxygenation, and 








Satellite rack can be mounted in 
remote locations for maximum 
convenience and accepts extra 
parameter modules for additional 
measurements. 


paa 


Modular compo- Simplicity itself: 


nents separate intuitive opera- 
so you can cus- tion, built-in 
tomize system to training database, 
your needs, the and on-screen 
patient’s needs, ‘‘help” and 

and the physical prompts simplify 
layout of the learning for 
room. nurses and staff. 
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ventilation results on-screen 
already calculated in tabular 
format. Now imagine printing 
that information at the bed- 
side—in any configuration 
you want, with only the in- 
formation you want—with all 
important patient informa- 
tion marked and annotated. 


Information when you 
need it. 

Instantly. With on-screen ac- 
cess to complete physiological 
information. Now you can 
make diagnostic decisions 
more quickly, easily, and con- 
fidently. And, you can even 
make them at home or in your 
office with a computer via 

a modem. You’ll also find it 
easier than ever to check car- 
diac output and wedge pres- 
sures. And another feature 
you ll appreciate is that every 
screen, chart, or printout is 


ors 





formatted with a patient ID 
for accuracy and convenience. 


Information where you 
want it. 

Allin one place. In one system, 
on one screen. And thanks 

to component modularity, 

you can mix and match patient 
parameter modules, satellite 
racks, printers, recorders, and 
displays to tailor that informa- 
tion to your specific needs. 


System updateability 
protects your investment. 
HP gives you exactly what you 
want or can afford now, and 
lets you add different capabili- 
ties later. You can even incor- 
porate future technology as 
it’s made available. But that’s 
not all. There’s also Hewlett- 
Packard’s system reliability 
and unmatched service and 
support. So whether you 
want an easy-to-use patient 
monitoring system that’s the 
most advanced, the most 
powerful, or the most versatile, 
the choice is simple. It’s HP’s 
revolutionary new Compo- 
nent Monitoring System. Call 
your local HP representative 
and ask for a demonstration. 
It’s that simple. 


The new revolution in 
patient monitoring. 


HEWLETT 
PACKARD 
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Treatment of Ventricular Arrhythmias by United States 
Cardiologists: a Survey Before the Cardiac Arrhythmia 
Suppression Trial Results Were Available 

Joel Morganroth, J. Thomas Bigger, Jr., and Jeffrey L. Anderson 


To define the practice habits of United States cardiologists in the treat- 
ment of ventricular arrhythmias, a random sample of 1,000 of 12,000 
cardiologists was sent a pretested questionnaire and 252 responded. Atti- 
tudes about antiarrhythmic drug therapy for the treatment of ventricular 
arrhythmias were influenced by the presence and severity of cardiac 
disease, the presence of symptoms and the type of ventricular arrhythmias. 
In this survey, only 1% of cardiologists treated patients with asymptomatic 
ventricular premature complexes and no heart disease, but 17% treated 
such patients if unsustained ventricular tachycardia was present. The 
treatment rate increased to 38% when coronary artery disease with left 
ventricular dysfunction was present in patients with asymptomatic ven- 
tricular premature complexes. The presence of any cardiac disease and 
symptomatic ventricular arrhythmias increased the treatment rate to 80 to 
100%. Significant confusion exists on the toxicity of antiarrhythmic drugs, 
use of electrophysiologic testing and in- versus out-of-hospital drug initia- 
tion. Approximately 50% of cardiologists treated patients comparable to 
the Cardiac Arrhythmia Suppression Trial study population although the 
interim results of the Cardiac Arrhythmia Suppression Trial indicate 
reconsideration for therapy in such patients. 
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Effect of Basic Drive Cycle Length on the Yield of Ventricular 
Tachycardia During Programmed Ventricular Stimulation 

Joni Summitt, Shimon Rosenheck, William H. Kou, Stephen Schmaltz, 
Alan H. Kadish, and Fred Morady 


In patients in whom sustained, monomorphic ventricular tachycardia 
(VT) was inducible by programmed stimulation with 1 to 3 ventricular 
extrastimuli at the right ventricular apex, the yield of VT was 88% when a 
drive cycle length of 400 ms was used, compared to 64% when the drive 
cycle length was 600 ms and 32% when the extrastimuli were introduced 
during sinus rhythm. These results suggest that it is more efficient to begin 
programmed stimulation using a basic drive cycle length of 400 ms instead 
of 600 ms or sinus rhythm. 


Continued on page A30 
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New, Once-a-Day 


Procardia XL 


(nifedipine) Extended Release 


Tablets 30 mg, 60 mg and 90 mg GITS 
The convenience of a 
once-a-day calcium channel 
blocker 





Now available for your patients 


taking PROCARDIA capsules 
(nifedipine) 





The effectiveness you expect from nifedipine 


ANGINA FREQUENCY' 
Fourteen-week, open-label, crossover trial to compare the efficacy and dose 
*p value relative to baseline equivalency of nifedipine capsules (weeks 1 and 2) vs PROCARDIA XL 

_ 9} (weeks 3-14) in 98 patients with chronic stable angirfa who-had been on nifedipine 
(n= 91) capsules at least one month prior to the study. Patients were switched to the 
nearest equivalent daily dose over the dose range of 30-150 mg/day. Ninety-five 
patients were crossed over to receive PROCARDIA XL; 91 of these were evaluated 
for efficacy. The majority remained on beta blockers and/or nitrates throughout the 
study. (Reported by Vetrovec GW et al, Am J Med. 1987.') 
Patients were of different races. (Data on file. Medical Department, Pfizer Laboratories, 
Pfizer Inc.2 





... With a low incidence of vasodilatory side effects? 


_% INCIDENCE OF ADVERSE EXPERIENCES IN ANGINA PATIENTS? 







(n=172) 


Data obtained from multiple controlled trials of PROCARDIA XL (30-150 mg q.d.) in 
172 patients with angina. (Data on file. Medical Department, Pfizer Laboratories, 
Pfizer Inc.) 


Percentage 


8.7 


_ Edema Headache Flushing Dizziness Palpitations 






@ The most common side effects are peripheral edema, which is not associated with 
fluid retention, and headache 
In controlled trials of 776 patients with PROCARDIA XL, edema resulted in 
discontinuation of therapy in 2.7% of patients 


,..And no significant changes in heart rate’ 


© 1989, Pfizer Inc. Please see brief summary of prescribing information on the adjacent page. 





New, Once-a-Day 


Procardia 


(nifedipine) Extended Release 


Tablets 30 mg, 60 mg and 90 mg GITS 


Easy mg-for-mg Switch from Nifedipine Capsules to PROCARDIA XL 


. Extended Release Tablets 
SWI tch to con ven Ien t, Capsules XL Tablets 
O nce-daily dosing 30—40 mg/day in divided doses — 30 mg once a day 


50-70 mg/day in divided doses — 60 mg once a day 
e Over 90% of angina patients controlled on nifedipine 80—100 mg/day in divided doses — 90 mg once a day 
capsules were easily switched to and controlled on ee ee EET yr ee Ree ee a ee 
PROCARDIA XL Extended Release Tablets at the * Subsequent dosage adjustments may be necessary 
nearest equivalent total daily dose; others needed and should be initiated as clinically warranted 


dosage adjustment ¢ The total daily dose can be given with multiple tablets 
once a day, such as two 60-mg PROCARDIA XL 


> Extended Release Tablets to equal 120 mg total daily 
esa t dose 
One 30-mg e Experience with doses >90 mg in patients with 











PROCARDIA XL angina is limited; therefore, doses >90 mg should be 
One 10-mg Extended Release used with caution and only when clinically warranted 
nifedipine capsule t.i.d. Tablet q.d. 





Call 1-8300-NOW-RX-XL for additional information on 


eee switching to once-a-day PROCARDIA XL Extended 
\ 7 . Release Tablets. 
One 60-mg References: 
PROCARDIA XL 


1. Vetrovec GW, Parker VE, Cole S, et al: Nifedipine gastrointestinal therapeutic system 














One 20-mg Extended Release in stable angina pectoris: Results of a multicenter open-label crossover comparison 
‘i i. Tabl d. with standard nifedipine. Am J Med 1987;83(suppl 6B):24-29. 
nifedipine capsule t.i.d. ablet q.d 2. Data on file. Medical Department, Pfizer Laboratories, Pfizer Inc, New York. 

Brief Summar Carcinogenesis, Mutagenesis, Impairment of Fertility: Nifedipine was administered orally to rats, for two years and was not shown to 
PROCARDIA XL* eee ine) Extended Release Tablets For Oral Use be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at 2 dose approximately 30 times the maximum 
CONTRAINDICATIONS: Known hypersensitivity reaction to oll at . recommended human dose. /n vivo mutagenicity studies were negative 
WARNINGS: Excessive Hypotension: Although in most angina patients the hypotensive effect of nifedipine is modest and well tolerated, Pregnancy: Pregnancy eg il C. Nifedipine has been shown to be teratogenic in rats when iver in doses 30 times the maximum 
occasional patients have had excessive and poorly tolerated hypotension. These responses have usually occurred during initial titration recommended human dose. Nifedipine was embryotoxic (increased fetal resorptions, decreased fetal weight, increased stunted forms, 
or at the time of subsequent upward dosage adjustment. and may be more likely in patients on concomitant beta blockers increased fetal deaths, decreased neonatal survival) in rats, mice, and rabbits at doses of from 3 to 10 times the maximum recommended 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving nifedipine together with a human dose. In pregnant monkeys, doses 2/3 and twice the maximum recommended human dose resulted in small placentas and 
beta-blocking agent who underwent coronary artery bypass surgery using high dose pada anesthesia. The interaction with high dose underdeveloped chorionic villi. In rats, doses three times maximum human dose and higher caused prolongation of pregnancy. There 
fentanyl appears to be due to the combination of nifedipine and a beta blocker, but the possi 


ility that it may occur with nifedipine alone, are no adequate and well controlled studies in pregnant women. PROCARDIA XL * (nifedipine) Extended Release Tablets should be used 
with low doses of fentanyl, in other surgical procedures, or with other narcotic anaigesics cannot be ruled out. In nifedipine-treated durin gegaan only if the potential benefit justifies the potential risk to the fetus 
patients where surgery using high dose aay anesthesia is contemplated, the physician should be aware of these potential problems ADVERSE EXPERIENCES: Over 1000 patients from both controlled and open trials with PROCARDIA XL Extended Release Tablets in 


and if the patient's condition permits, sufficient time (at least 36 hours) should be allowed for nifedipine to be washed out of the body prior pyper ence and angina were included in the evaluation of adverse experiences. All side effects reported during PROCARDIA XL 
to surgen Extended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common side effect 
The following information should be taken into account in those patients who are being treated for hypertension as well as angina reported with PROCARDIA XL was edema which was dose related and ranged in frequency from aparently 10% to about 30% at the 
Increased Angina and/or Myocardial Infarction: Rarely, patients, particularly those who have severe obstructive coronary artery dis- highest dose studied (180 mg). Other common adverse experiences reported in placebo-controlled trials include: headache (15.8%, 
ease, have developed well documented increased frequency, duration and/or severity of angina or acute myocardial infarction on starting compared to 9.8% placebo incidence) np fs (5.9% . compared to 41% placebo incidence), dizziness (4.1%, compared to 4.5% placebo 
nifedipine or at the time of dosage increase. The mechanism of this effect is not established incidence), constipation (3.3%, compared to 2.3% placebo incidence), and nausea (3.3%, compared to 19% placebo incidence). Of 
Beta Blocker Withdrawal: It is important to taper beta blockers if possible, rather than stopping them abruptly before beginning nifedi- these, only edema and headache were more common in PROCARDIA XL patients than placebo patients 
pine. Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with increased angina, probably related to The following adverse reactions occurred with an incidence of less than 3.0%, With the exception of leg cramps, the incidence of these 
increased sensitivity to catecholamines. Initiation of nifedipine treatment will not prevent this occurrence and on occasion has been side effects was similar to that of placebo alone: body as a whole/systemic: asthenia, flushing, pain; cardiovascular: palpitations, central 
reported to increase it nervous system: insomnia, nervousness, paresthesia, somnolence, dermatologic: pruritus, rash, pestrosntestina’ abdominal pain, 
Congestive Heart Failure: Rarely, patients usually receiving a beta blocker, have developed heart failure after beginning de diarrhea, dry mouth, Cyspepsna, flatulence; musculoskeletal: arthralgia. leg cramps; respiratory: chest pain (nonspecific), dyspnea 
Patients with tight aortic stenosis may be at greater risk for such an event. as the unioaing effect of nifedipine would be expected to be urongona impotence, polyuria 
of less benefit to those patients, owing to their fixed impedance to flow across the aortic valve ther adverse reactions were reported sporadically with an incidence of 1.0% or less. These include: body as a whole systemic. face 
PRECAUTIONS: General—Hypotension: Because nifediping decreases peripheral vascular resistance, careful monitoring of blood edema. fever, hot flashes, malaise, periorbital edema, rigors; cardiovascular: arrhythmia, hypotension, increased angina, tachycardia, 
pressure during the initial administration and titration of nifedipine is suggested Close observation is especially recommended for syncope: central nervous system: anxiety, ataxia, decreased libido, depression, hypertonia, hypoesthesia, migraine, paroniria, tremor, 
oe already taking medications that are known to lower blood pressure. (See WARNINGS.) vertigo; dermatologic: alopecia, increased sweating, urticaria, purpura, gastrointestinal: eructation, gastroesophageal reflux, gum 
ripheral Edema: Mild to moderate peripheral edema occurs in a dose dependent manner with an incidence ranging from approxi- hyperplasia, melena, vomiting, weight increase; musculoskeletal: back pain, gout mags respiratory: coughing, epistaxis, upper 
mately 10% to about 30% at the wens dose studied (180 mq) It is a localized phenomenon thought to be associated with vasodilation respiratory tract infection, respiratory disorder, sinusitis; special senses: abnormal facrimation, abnormal vision, taste perversion, wa 
of dependent arterioles and small blood vessels and not due to left ventricular dysfunction or generalized fluid retention With patients tinnitus; urogenital reproductive breast pain, dysuria, hematuria, nocturia 
whose angina or hypertension is complicated by congestive heart failure, care should be taken to differentiate this peripheral edema from Adverse experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurrent disease states or 
the effects of increasing left ventricular dysfunction medications 
Laboratory Tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phosphatase, CPK, LDH, in multiple-dose U.S. and foreign controlled studies with nifedipine capsules in which adverse reactions were reported spontaneously, 
SGOT, and SGPT ha¥e been noted. The relationship to nifedipine oC uncertain in most cases, but probable in some. These labora- adverse effects were frequent but generally not serious and rarely required discontinuation of therapy or dosage adjustment Most were 
tory abnormalities have rarely been associated with clinical symptoms; however, cholestasis with or without jaundice has been re orted expected consequences of the vasodilator effects of Procardia. Adverse experiences reported in placebo-controlled trials include: dizzi- 
A small (5.4%) increase in mean alkaline phosphatase was noted in parents treated with PROCARDIA XL. This was an isolated finding not ness, lightheadedness, and giddiness (27%, compared to 15% placebo incidence); f ushing, heat sensation (25%, compared to 8% 
associated with clinical symptoms and it rarely resulted in values which fell outside the normal range. Rare instances of allergic qe placebo incidence); headache (23%, compared to 20% placebo incidence); weakness (12%, compared to 10% placebo incioenoe; 
have been reported. In controlled studies, PROCARDIA XL did not adversely affect serum uric acid, glucose, or cholesterol. Serum nausea, heartburn (11%, compared to 8% placebo incidence); muscie cramps, tremor (8%, compared to 3% placebo incidence 
potassium was unchanged in patients receiving PROCARDIA XL in the absence of concomitant diuretic therapy, and slightly decreased in peripheral edema (7%, compared to 1% placebo incidence); nervousness, mood changes (7%, compared to 4% placebo incidence) 
patients receiving concomitant diuretics palpitation (7%, compared to 5% placebo incidence); dyspnea. cough, and wheezing (5%, compared to 3% placebo incidence): and 
Nifedipine, like other calcium channel blockers, decreases platelet aggregation in vitro. Limited clinical studies have demonstrated a nasal congestion, sore throat (6%, compared to 8% placebo incidence) 
moderate but statistically significant decrease in platelet aggregation and increase in bleeding time in some nifedipine patients This is There is also a large uncontrolled experience in over 2100 patients in the United States. Most of the patients had vasospastic or 
thought to be a function of inhibition of calcium transport across the platelet membrane. No clinical significance for these findings has resistant angina pectoris, and about half had concomitant treatment with beta-adrenergic blocking agents The relatively common 
been demonstrated adverse events were similar in nature to those seen with PROCARDIA XL 
Positive direct Coombs test with/without hemolytic anemia has been reported but a causal relationship between nifedipine adminis- in addition. more serious adverse events were observed, not readily distinguishable from the natural history of the disease in these 
tration and positivity of this laboratory test we hemolysis, could not be determined patients. It remains possible, however, that some or many of these events were drug related of tg infarction occurred in about 4% 
Although nifedipine has been used safely in patients with renal nf bam and has been reported to exert a beneficial effect in certain of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction disturbances each 


cases, rare reversible elevations in BUN and serum creatinine have been reported in patients with pre-existing chronic renal insufficiency occurred in fewer than 0.5% of patients 
The relationship to nifedipine therapy is uncertain in most cases but probable in some In a subgroup of over 1000 patients receiving Procardia with concomitant beta blocker therapy the pation and incidence of adverse 
Drug Interactions—Beta-adranergic blocking agents: (See WARNINGS) Experience in over 1400 patients with Procardia * capsules ina een was not different from that of the entire group of Procardia treated patients (See PRECAUTIONS. ) 


noncomparative clinical trial has shown that concomitant administration of nifedipine and beta-blocking agents is usually well tolerated nasub roup of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or lightheaded- 


but there have been occasional literature reports suggesting that the combination may increase the likelihood of congestive heart failure, ness, peripheral edema, headache or flushing each occurred in one in eight patients. Hypotension occurred in about one in 20 patients. 
severe penson, or exacerbation of angina Saane occurred in ona one patient in 250. Myocardial infarction or symptoms of ale heart failure each occurred in 
Long Acting Nitrates: Nifedipine may be safely co-administered with nitrates, but there have been no controlled studies to evaluate the about one patient in 15. Atrial or ventricular dysrhythmias each occurred in about one patient in 15 


antianginal effectiveness of this combination 

Dig lis: Administration of nifedipine with digoxin increased digoxin levels in nine of twelve normal volunteers. The average increase More detailed professional information available on request è 1989, Pfizer Inc 
was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coronary artery disease. In an uncontrolled 
study of over two hundred patients with roge heart failure during which digoxin blood levels were not measured, digitalis toxicity 
was not observed. Since there have been isolated reports of patients with elevated digoxin levels, it is recommended that digoxin levels 
be monitored when initiating, adjusting, and discontinuing nifedipine to avoid possible over- or under-digitalization 

Coumarin Anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin anticoagulants to 
whom nifedipine was administered. However, the relationship to nifedipine therapy is uncertain 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (80%) and area-under- 
the-curve (74%), after a one week Course of cimetidine at 1000 mg per day and nifedipine at 40 mg per day Ranitidine produced smaller, 
non-significant increases. The effect may be mediated by the known inhibition of cimetidine on hepatic cytochrome P-450, the enzyme 
system probably responsible for the first-pass metabolism of nifedipine. If nifedipine therapy is initiated in a patient currently receiving 
cimetidine, caufious titration is advised 
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New Insights into Pacemaker Syndrome Gained from 
Hemodynamic, Humoral and Vascular Responses During 
Ventriculo-Atrial Pacing 

Kenneth A. Ellenbogen, Marc D. Thames, and Pramod K. Mohanty 





We studied the hemodynamic and neurohumoral responses to atrial, ven- 
tricular and ventriculo-atrial (V-A) pacing at 600 ms (100 beats/min) in 
16 patients with a left ventricular ejection fraction >35%. We measured 
forearm blood flow (ml/min/100 ml), forearm vascular resistance (U), 
mean arterial pressure (mm Hg), cardiac output (liters/min) and plasma 
norepinephrine (pg/ml) during each mode of pacing before and after 
regional a blockade with intraarterial phentolamine. During V-A pacing, 
cardiac output decreased by 10%, whereas forearm vascular resistance 
increased from 51 + 7 to 70 + 9 U (p <0.001 ) and plasma norepinephrine 
increased from 183 + 27 to 232 + 27 pg/ml (p <0.01). Phentolamine 
nearly abolished the increase in forearm vascular resistance in response to 
V-A pacing (18 + 4.1 before, to 5.8 + 1.5 U after, p <0.05). Responses of 
forearm vascular resistance correlated with changes in systolic arterial 
pressure. We conclude that ventricular pacing with V-A conduction at 100 
to 150 ms increases plasma norepinephrine and forearm vascular resis- 
tance, and these responses are mediated by baroreflex-induced sympatho- 
excitation and by a-adrenergic receptor activation. 


SYSTEMIC HYPERTENSION 


ie SRR RPL LSet Sas EENE ANA WE ERER SLE re, RE eee 
Assessment of Four Ambulatory Blood Pressure Monitors and 
Measurements by Clinicians Versus Intraarterial Blood 
Pressure at Rest and During Exercise 

William B. White, Per Lund-Johansen, and Per Omvik 


We assessed the accuracy of 4 different ambulatory blood pressure (BP) 
monitors by comparing them to simultaneous intraarterial BP during rest, 
isometric and dynamic (bicycle) exercise in 48 patients. These differences 
were then compared to the disparities found between clinicians using a 
mercury column and intraarterial BP. During rest, 2 monitors (Accu- 
tracker II and Colin ABPM 630) showed less disparity than clinicians did 
with intraarterial BP while the other 2 monitors (Del Mar P-IV and 
SpaceLabs 90202) showed similar disagreement. Mean BP differences 
with intraarterial determinations were greater for all monitors and the 
clinicians during exercise. Again, the Accutracker II and Colin ABPM 
630 were found to be similar to the discrepancies observed with clinicians 
and the Del Mar P-IV showed greater error. The SpaceLabs 90202 had a 
>80% rate of error codes during exercise. 
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Studies indicate that a similar circadian pattern also 
exists for: 


— Myocardial infarction? 

— Sudden cardiac death’ 
— Ischemic stroke‘ 
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— Blood pressure? 
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—Platelet aggregation.° 
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_ CORGARD” TABLETS 


Nadolol Tablets USP 
DESCRIPTION: CORGARD (nadolol) is a synthetic nonselective beta-adrenergic receptor block- 


ing agent. 


NDICATIONS: Bronchial asthma, sinus bradycardia and greater than first degree con- 


$ duction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 


WARNINGS: Cardiac Failure—Sympathetic stimulation may be a vital component supporting 


3 circulatory function in congestive heart failure, and its inhibition by beta-blockade may precipitate 
more severe failure. Although beta-blockers should be avoided in overt congestive heart failure, if 


necessary, they can be used with caution in patients with a history of failure who are well- 


compensated, usually with digitalis and diuretics. Beta-adrenergic blocking agents do not abolish 


_ the inotropic action of digitalis on heart muscle. IN PATIENTS WITHOUT A HISTORY OF HEART 
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FAILURE, continued use of beta-blockers can, in some cases, lead to cardiac failure; therefore, at 


first sign or symptom of heart failure, digitalize and/or give diuretics, and closely observe re- 
sponse, or discontinue nadolol (gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal—Hypersen- 
sitivity to catecholamines has been observed in patients withdrawn from beta-blocker ther- 

| apy; exacerbation of angina and, in some cases, myocardial infarction have occurred after 
| abrupt discontinuation of such therapy. When discontinuing chronic use of nadolol, particu- 
larly in patients with ischemic heart disease, gradually reduce dosage over a 1- to 2-week 
period and carefully monitor the patient. Reinstitute nadolol promptly (at least temporarily) 


and take other measures appropriate for management of unstable angina if angina markedly 
worsens or acute coronary insufficiency develops. Warn patients not to interrupt or discon- 
tinue therapy without physician's advice. Because coronary artery disease is common and 
may be unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even in 
patients treated only for hypertension. 





_ Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema)—PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. Ad- 
minister nadolo! with caution since it may block bronchodilation produced by endogenous or 
exogenous catecholamine stimulation of beta, receptors. 


Major Surgery—Because beta blockade impairs the ability of the heart to respond to reflex 
‘stimuli and may increase risks of general anesthesia and surgical procedures, resulting in protracted 
hypotension or low cardiac output, it has generally been suggested that such therapy should be 
withdrawn several days prior to surgery. Recognition of the increased sensitivity to catecholamines 
of patients recently withdrawn from beta-blocker therapy, however, has made this recom menda- 


~ tion controversial. If possible, withdraw beta-blockers well before surgery takes place. In emer- 


gency surgery, inform the anesthesiologist that the patient is on beta-blocker therapy. Use of 
- beta-receptor agonists such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse 


the effects of nadolol. Difficulty in restarting and maintaining the heart beat has also been reported 


with beta-adrenergic receptor blocking agents. 


Diabetes and Hypoglycemia—Geta-adrenergic blockade may prevent the appearance of pre- 
monitory signs and symptoms (e.g., tachycardia and blood pressure changes) of acute hypogly- 
cemia. This is especially important with labile diabetics. Beta-blockade also reduces release of 
insulin in response to hyperglycemia; therefore, it may be necessary to adjust dose of antidiabetic 

‘drugs. 

A osis—Beta-adrenergic blockade may mask certain clinical signs (e.g., tachycardia) 
of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic blockade which might precipi- 
tate a thyroid storm, carefully manage patients suspected of developing thyrotoxicosis. 


PRECAUTIONS: Impaired Renal Function—Use nadolol with caution (see DOSAGE AND AD- 


MINISTRATION section of package insert). 


information for Patients—Warn patients, especially those with evidence of coronary artery 
insufficiency, against interruption or discontinuation of nadolol without physician's advice. Although 
cardiac failure rarely occurs in properly selected patients, advise patients being treated with beta- 
adrenergic blocking agents to consult physician at first sign of impending failure. Advise patients 
in event of missed doses. 


Drug Interactions—Concurrent administration may result in interactions with: Anesthetics, 


 generai—exaggeration of the hypotension induced by general anesthetics (see WARNINGS, Ma- 


jor Surgery). Antidiabetic drugs (oral agents and insulin)—hypoglycemia or hyperglycemia, adjust 
antidiabetic drug dosage accordingly (see WARNINGS, Diabetes and Hypoglycemia). Cate- 
cholamine-depleting drugs (e.g., reserpine)—additive effect; monitor closely for hypotension and/or 
excessive bradycardia. 


sis, Mutagenesis, Impairment of Fertility—In 1 to 2 year oral toxicologic stud- 
ies in mice, rats, and dogs, nadolol did not produce significant toxic effects. In 2-year oral carcino- 
genic studies in rats and mice, nadolol did not produce neoplastic, preneoplastic, or nonneoplastic 
pathologic lesions. 


Pregnancy C—in animal reproduction studies with nadolol, evidence of embryo- and 
fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times greater (on a 
mg/kg basis) than maximum indicated human dose; no teratogenic potential was seen in any of 
these species. There are no well-controlled studies in pregnant women, therefore, use nadolol in 
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pregnantwomen only if potential benefit justifies potential risk to the fetus. Neonates of mothers who 
received nadolol at parturition have exhibited bradycardia, hypoglycemia and associated symptoms. 


Nursing Mothers—Nadolo! is excreted in human milk. Exercise caution when nadolol is 
administered to a nursing woman. 


Pediatric Use—Satety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient and have rarely 
required nadolol withdrawal. 


Cardiovascular—Bradycardia with heart rates of less than 60 beats per minute occurs com- 
monly, and heart rates below 40 beats per minute and/or symptomatic bradycardia were seen in 
about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually of the Raynaud 
type, have occurred in approximately 2 of 100 patients. Cardiac failure, hypotension, and rhythm/ 
conduction disturbances have each occurred in about 1 of 100 patients. Single instances of first 
degree and third degree heart block have been reported; intensification of AV block is a known 
effect of beta-blockers (see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Cen- 
tral Nervous System—Dizziness or fatigue reported in approximately 2 of 100 patients; paresthe- 
sias, sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory—Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDI- 
CATIONS and WARNINGS). Gastrointestinal—Nausea, diarrhea, abdominal discomfort, consti- 
pation, vomiting, indigestion, anorexia, bloating, and flatulence each reported in 1 to 5 of 1000 
patients. Miscellaneous— Each of the following reported in 1 to 5 of 1000 patients: rash; pruritus; 
headache; dry mouth, eyes, or skin; impotence or decreased libido; facial swelling; weight gain; 
slurred speech; cough; nasal stuffiness; sweating; tinnitus; blurred vision; infrequent reversible 
alopecia. 

The following adverse reactions have been reported in patients taking nadolol and/or other 
beta-adrenergic blocking agents, but no causal relationship to nadolol has been established. 
Central Nervous System—reversible mental depression progressing to catatonia; visual dis- 
turbances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place; short-term memory loss, emotional lability with slightly clouded sensorium; decreased 
performance on neuropsychometrics. mesenteric arterial thrombosis; ischemic 
colitis; elevated liver enzymes. Hematologic—agranulocytosis; thrombocytopenic or nonthrom- 
bocytopenic purpura. Allergic—fever combined with aching and sore throat; laryngospasm; 
respiratory distress. Miscellaneous— pemphigoid rash; hypertensive reaction in patients with 
pheochromocytoma; sleep disturbances; Peyronie's disease. The oculomucocutaneous syndrome 
associated with practolol has not been reported with nadolol. 


OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. In addi- 
tion to gastric lavage, employ the following measures as appropriate. In determining duration of 
corrective therapy, take note of long duration of effect of nadolol. 


Excessive Bradycardia—Administer atropine (0.25 to 1.0 mg). If there is no response to vagal 
blockade, administer isoproterenol cautiously. 


Cardiac Failure—Administer a digitalis glycoside and diuretic. It has been reported that glucagon 
may also be useful in this situation. 


Hypotension—Administer vasopressors, e.g., epinephrine or levarterenol. (There is evidence 
that epinephrine may be the drug of choice.) 


Bronchospasm—Administer a beta,-stimulating agent and/or a theophylline derivative. 


DOSAGE-—For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg qd; may be gradually increased in 40 to 80 mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing of the 
heart rate; usual maintenance dose is 40 or 80 mg qd (doses up to 160 or 240 mg daily may be 
needed). If treatment is to be discontinued, reduce dosage gradually over a period of 1 to 2 weeks 
(see WARNINGS). 

For hypertension, usual initial dose is 40 mg qd; gradually increase in 40 to 80 mg increments 
until optimum blood pressure reduction is achieved; usual maintenance dose is 40 or 80 mg qd 
(doses up to 240 or 320 mg daily may be needed). 

Patients with renal failure require adjustment in dosing interval; see package insert for dosage 
in these patients. 


For full prescribing information consult package insert. 


HOW SUPPLIED: In scored tablets containing 20, 40, 80, 120, or 160 mg nadolol per tablet in 

bottles of 100. The 40 mg, 80 mg, and 120 mg tablets are available in bottles of 1000 tablets. The 

20 mg, 40 mg, and 80 mg tablets are also available in Unimatic® unit-dose packs of 100 tablets. 
(J4-156) 
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Concurrent Compliance Reduction and Increased Peripheral 
Resistance in the Manifestation of Isolated Systolic 
Hypertension 

David S. Berger and John K.-J. Li 


The hemodynamic mechanisms responsible for the production of isolated 
systolic hypertension (ISH) were studied with the use of a computer 
simulation of the modified Windkessel model of the arterial tree. The 
model parameters, arterial compliance (C), peripheral resistance (Rs) 
and characteristic impedance (Zo), were derived from experimental aortic 
pressure and flow data. Aortic flow was then used as the input to the 
model, allowing us to quantify changes in systolic and diastolic pressures 
(P, and P4) due to changes in the parameters. Graded reductions of C 
resulted in percent changes in P, and P4 that would not result in ISH. An 
increase in Rs of 25% along with a decrease in C of 50 to 75%, however, 
did result in ISH in the model predictions. We conclude that ISH is 
usually not the result of decreased compliance alone, but is due to greatly 
reduced arterial compliance along with increased peripheral resistance. 


VALVULAR HEART DISEASE 
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Failure of Balloon Aortic Valvuloplasty to Result in Sustained 
Clinical Improvement in Patients with Depressed Left 
Ventricular Function 

Charles J. Davidson, J. Kevin Harrison, Mark E. Leithe, 

Katherine B. Kisslo, and Thomas M. Bashore 


This study was designed to determine whether clinical characteristics, 
including invasive hemodynamic parameters of left ventricular (LV) per- 
formance, are predictive of short-term patient outcome. The acute hemo- 
dynamic results obtained in patients with overall improved symptoms were 
compared to those with recurrent symptoms at 3 months. Fifty-three 
patients (65%) were improved at the 3-month evaluation (group 1), 
whereas 28 patients (35%) had developed return of symptoms. Compared 
to patients with improved symptoms, patients with recurrent symptoms 
demonstrated a lower cardiac output, higher LV end-systolic volume, 
decreased LV ejection fraction, diminished LV stroke work and decreased 
LV peak positive dP/dt. The final aortic valve area and change in aortic 
valve area or ejection fraction did not predict which patients would develop 
recurrent symptoms. Stepwise logistic regression revealed that LV ejec- 
tion fraction was the only independent predictor of overall status at 3 
months (p = 0.002). 


Continued on page A36 
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Effect of Isometric Exercise on Mitral and Aortic Regurgitation 
as Assessed by Color Doppler Flow Imaging 

Michael G. Spain, Mikel D. Smith, Oi Ling Kwan, and Anthony N. DeMaria 


The purpose of this study was to assess the effect of isometric exercise 
(handgrip) on the severity of valvular regurgitation as measured by color 
flow Doppler jet areas. Thirty-four patients with 43 regurgitant lesions 
had color Doppler imaging performed at baseline and during sustained 
handgrip using a calibrated dynamometer. Regurgitant jet areas were 
reported as the maximal area of disturbed flow by planimetry. In 20 cases 
of aortic regurgitation, mean jet area increased from 4.5 to 6.2 cm? (p 
<0.0001) during isometric exercise. For 23 cases of mitral regurgitation 
the mean jet area increased from 6.2 to 8.2 cm? (p <0.001). Thus, color 
Doppler imaging detected an increase in jet areas during handgrip, sug- 
gesting that isometric exercise increased the amount of mitral and aortic 
regurgitation due to changes in loading conditions. 





MISCELLANEOUS 


Sars iag Re Re EE rae hea ee ON) SOM Eat n wae 
Short- and Long-Term Effects of Cigarette Smoking on Heart 
Rate Variability 

Junichiro Hayano, Masami Yamada, Yusaku Sakakibara, 

Takao Fujinami, Kiyoko Yokoyama, Yosaku Watanabe, and 

Kazuyuki Takata 


To investigate the short- and long-term effects of cigarette smoking on 
autonomic cardiac regulation, we analyzed the changes in the heart rate 
spectral components with smoking and the differences in the components 
between nonsmokers and smokers after an overnight abstinence. The 
respiratory component, an index of vagal cardiac control, decreased 3 
minutes after the start of smoking (p = 0.0061), whereas the Mayer wave 
component (0.04 to 0.15 Hz), which includes sympathetically mediated 
activity, increased 10 to 17 minutes after the start of smoking (p = 
0.0124). The respiratory component in the supine position was smaller in 
the young (<30 years) heavy smokers (>25 cigarettes/day) than in the 
nonsmokers or moderate (1 to 24 cigarettes /day) smokers (p = 0.0078). 
Also, postural responses in the components were observed in the nonsmok- 
ers but not in the heavy smokers. Our results suggest that smoking causes 
not only short- but also long-term reduction in vagal cardiac control. 


Continued on page A42 


A36 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


Evidence directly linking 
elevated cholesterol and CAD 
made you take a closer look 
at lipid levels 
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Lorelco (probucol) 
offers proven long- 


term cholesterol- 
lowering efficacy * 
e Reduces total cholesterol by 


up to 27%? 
è Maintains lower levels, as 
proven over a 12-year period” 


e Provides the assurance of 
extensive clinical experience 


* The effect of probucol-induced reduction 

of serum cholesterol or triglyceride levels 
or reduction of HDL-cholesterol levels on 
morbidity or mortality due to coronary heart 
disease has not been established. 
References: 1. S Afr Med J 1982;62:7-11. 2. Arch Intern Med 1981:141:1428-1432 
3. Data on file, MERRELL DOW PHARMACEUTICALS INC., Cincinnati, Ohio 45242- 
9553. 4. Am J Cardiol 1988;62:31B-36B. 5. Atherosclerosis 1 986;62:209-217. 
6. Proc Nat! Acad Sci USA 1987;84:5928-5931. 7. J Clin Invest 1986;77:641-644. 
8. Proc Natl Acad Sci USA 1987;84:7725-7729.9.AmJ Cardiol 1988;62:6B-12B. 
10. Am J Cardiol 1986;57:16H-21H. 11. Am J Cardiol 1988:62:57B-59B. 12. AmJ 
Cardiol 1988:62:66B-72B. 13. Am J Cardiol 1988;62:73B- 76B. 


14. Am J Cardiol 1988;62:52B-56B. 


- P myene AT zaf : 
a EN ro 4 e+), f $ 
Se & 4: =P EREA — cab “t om 
i v t. - yA r 
AZ > MAF Tw 
ben ad a 
r a g ~ 
t VIG N < 
t : * 
S ` "tar « 
y + 
eee 





Late Sah Ee 
: ` 
, J , * od 


Lorelco is indicated for the reduction of elevated serum cholesterol in 
patients with primary hypercholesterolemia, as an adjunct to diet. 


- LOWERING ELEVATEL 
MAY BE JUS) 


Lorelco affects 
cholesterol in 
unique ways' 


è Inhibits the oxidative 


modification of LDL*'° 
e Enhances HDL-mediated 
reverse cholesterol transport+ 


tUnique modes of action suggested by rece 
in vitro studies and human and/or animal 
in vivo data; clinical significance, however, is 


yet established. 
+These effects of probucol on LDL- (increase | 
abolic rate) and HDL-cholesterol may be linke 
observed increased excretion of fecal bile acid 
final metabolic pathway for elimination of choi 
from the body. (See Clinical Pharmacology.) 
§The probable benefits obtained from LDL-cho. 
reduction must be weighed against the possible 
ofa reduction in HDL-cholesterol when assessing 
response of each patient receiving treatment wit} 


Lorelco. If satisfactory lipid alteration is not achiev 
the drug should be discontinued. (See Precautions 
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Lorelco provides 
important patient 
compliance benefits 


® Convenient dosage—just one 
500 mg tablet b.i.d. with meals 

e Well tolerated—the most 
frequent side effect is loose stools, 
which occurs in about one in ten 
patients and generally subsides 
during continued therapy. 

See Prescribing Information for 
full discussion of side effects. 

è Fconomical—can offer signifi- 
cant cost savings vs most other 
cholesterol-lowering therapies 
Lorelco is not an innocuous drug and strict 
attention should be paid to the Indications, 





Contraindications, Warnings, and Precautions 


sections of Prescribing Information. 
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PROBUCOL 


500 mg tablets b.id. with meals 


TAKES YOU TO THE NEXT LEVEL 
OF CHOLESTEROL CONTROL 


Merrell Dow U.S.A. 


See Prescribing Information appearing on next page. 


Lorelco” Tablets (probucol) 


CAUTION: Federal law prohibits dispensing without prescription. 


DESCRIPTION: Lorelco (probucol) film-coated tablets for oral administration contain 250 mg or 500 mg of probucol per 
tablet. Each tablet also contains as inactive ingredients: corn starch, ethylcellulose, glycerin, hydroxypropyl cellulose, 
hydroxypropyl methylcellulose 2910, iron oxide, lactose, magnesium stearate, microcrysta line cellulose, polysorbate 80, talc, 
and titanium dioxide. Lorelco is an agent for the reduction of elevated serum cholesterol. The chemical name is 4 ,4’-[(1-methyl- 
ethylidene)bis(thio)]bis[2,6-bis(1,1-dimethyl- 


ethyl)phenol]. Its chemical structure does not Hage = Seegi 
resemble that of any other available cho- | ? 
lesterol-lowering agent. It is lipophilic. HO s-c-s OH 
| 
CH3 
CH4}4C CICH3)3 


CLINICAL PHARMACOLOGY: Lorelco lowers total serum cholesterol and has relatively little effect on serum triglycerides. 
Patients responding to probucol exhibit a decrease in low-density lipoprotein (LDL) cholesterol. Cholesterol is reduced not only 
in the LDL fraction, but also in the high-density 80 A ta yee fraction with proportionately greater effect on the high-density 

ortion. Epidemiologic studies have shown that both low HDL-cholesterol and high LDL-cholesterol are independent risk factors 
or coronary heart disease. The risk of lowering HDL-cholesterol while lowering LDL-cholesterol remains unknown. There is little 
or no effect reported on very low-density lipoprotein (VLDL). 


Studies on the mode of action of Loreico indicate that it increases the fractional rate of LDL catabolism. This effect may be linked 
to the observed increased excretion of fecal bile acids, a final metabolic pathway for the elimination of cholesterol from the body. 
Lorelco also exhibits inhibition of early stages of cholesterol biosynthesis and slight inhibition of absorption of dietary 
cholesterol. There is no increase in the cyclic precursors of cholesterol, namely desmosterol and 7-dehydrocholesterol. On this 
basis, it is concluded that Lorelco does not affect the later stages of cholesterol biosynthesis. 


Absorption of Lorelco from the gastrointestinal tract is limited and variable. When it is administered with food, peak blood levels 
are higher and less variable. With continuous administration in a dosage of 500 mg b.i.d., the blood levels of an individual 
pansy increase over the first three to four months and thereafter remain ay constant. In 116 patients treated with Lorelco 
or periods of three months to one year, the mean blood level was 23.6 + 17.2 mcg/mL (+ S.D.) ranging to 78.3 mcg/mL. 
Levels observed after seven years of treatment in 40 patients yielded an average value of 21.5 + 16.5mcg/mL( + S.D.) ranging 
to 62.0 meg/mL. In a separate study in eight patients, blood levels averaged 19.0 mcg/mL at the end of 12 months of treatment. 
Six weeks after cessation of therapy, the average had fallen by 60%. After six months, the average had fallen by 80%. 


in December 1984. a National Institutes of Health Consensus Development Conference Panel! concluded that lowering definitely 
elevated blood cholesterol levels (specifically blood levels of LDL-cholesterol) will reduce the risk of heart attacks due to 
coronary heart disease. The effect of probucol-induced reduction of serum cholesterol or triglyceride levels, or reduction of 
HDL-cholesterol! levels on morbidity or mortality due to coronary heart disease has not been established. 


INDICATIONS AND USAGE: Serious animal toxicity has been encountered with probucol. See WARNINGS and ANIMAL 
PHARMACOLOGY AND TOXICOLOGY sections. Probucol is not an innocuous drug and strict attention should be paid to the 
INDICATIONS, CONTRAINDICATIONS, and WARNINGS. 


Drug therapy should not be used for the routine treatment of elevated blood a poe for the prevention of coronary heart disease. 
Dietary therapy specific for the type of hyperlipidemia is the initial treatment of choice. Excess body weight may be an important 
factor and should be adcressed prior to any drug therapy. Physical exercise can be an important ancillary measure. Contributory 
disease such as hypothyroidism or diabetes mellitus should be looked for and adequately treated. The use of drugs should be 
considered only when reasonable attempts have been made to obtain satisfactory results with nondrug methods. If the decision 
ultimately is to use drugs, the patient should be instructed that this does not reduce the importance of adhering to diet. 


The selection of patients for cholesterol-lowering drug therapy should take into account other important coronary risk factors 
such as smoking, hypertension, and diabetes mellitus. Consideration should be given to the efficacy, safety, and compliance 
factors for each of the cholesterol-lowering drugs prior to selecting the one most appropriate for an individual patient. 


Lorelco may be indicated for the reduction of elevated serum cholesterol in patients with primary hypercholesterolemia (Types 
lla and IIb hyperlipoproteinemia),? whose elevated LDL-cholesterol has not responded adequately to diet, weight reduction, and 
control of diabetes mellitus. Lorelco may be useful to lower elevated LDL-cholesterol that occurs in those patients with 
combined hypercholesterolemia and hypertriglyceridemia (Type llb) due to elevation of both LDL and VLDL, but it is not 
indicated where hypertriglyceridemia is the abnormality of most concern. After establishing that the elevation in serum total 
cholesterol represents a primary lipid disorder, it should be determined that patients being considered for treatment with Lorelco 
have an elevated LDL-cholesterol as the cause for an elevated total serum cholesterol. This may be particularly relevant for 
patients with elevated triglycerides or with markedly elevated HDL-cholesterol values, where non- DL fractions may contribute 

- significantly to total cholesterol levels without apparent increase in cardiovascular risk. In most patients, LDL-cholesterol may 
be estimated according to the following equation: 


LDL-cholesterol = Total cholesterol 


When total triglycerides are greater than 400 mg/dL, this equation is less accurate. In such patients, LDL-cholesterol may be 

obtained by ultracentrifugation. 

It is not always possible to predict from the lipoprotein type or other factors which patients will exhibit favorable results. Lipid 

levels, including HDL-cholesterol, should be periodically assessed. 

The effect of probucol-induced reduction of serum cholesterol or triglyceride levels, or reduction of HDL-cholesterol levels on 

morbidity or mortality due to coronary heart disease has not been established. 

CONTRAINDICATIONS: (See also WARNINGS and PRECAUTIONS.) Lorelco is contraindicated in patients who are known to 

have a myosin to it. Lorelco is contraindicated in patients with evidence of recent or progressive myocardial damage or 

findings suggestive of serious ventricular arrhythmias or with unexplained syncope or syncope of cardiovascular origin. 

. Loreico is contraindicated in patients with an abnormally long QT interval. 

WARNINGS: SERIOUS ANIMAL TOXICITY HAS BEEN ENCOUNTERED WITH PROBUCOL IN RHESUS MONKEYS FED AN 

ATHEROGENIC DIET AND IN BEAGLE DOGS. (SEE ANIMAL PHARMACOLOGY AND TOXICOLOGY SECTION.) 

Prolongation of the QT interval can occur in patients on Lorelco. Serious arrhythmias have been seen in 

association with an abnormally long QT interval in patients on Lorelco alone and in patients on Lorelco 

and a concomitant antiarrhythmic drug. The following precautions are deemed prudent: 

1. Patients should be advised to adhere to a low cholesterol, low fat diet at the start of treatment with Lorelco and throughout the 
treatment period. 

2. An ECG should be done prior to starting treatment and repeated at appropriate intervals during treatment If an abnormally 
long QT interval is observed, the possible benefits and risks should be carefully considered before making a decision to 
continue Lorelco. 

Lorelco therapy should be discontinued or not started if the QT interval at an observed heart rate on a resting ECG is 
persistently more than one of the values listed below: 


[(0.16 x triglycerides) + HDL-cholesterol] 


QT Interval in sec (15% above the 


Observed Heart Rate upper limit of normal) * 


(beats/min) Males Females 
40 0.56 0.58 
50 0.52 0.53 
60 0.49 0.50 
70 0.45 0.47 
80 0.43 0.44 
86 0.42 0.43 
92 0.40 0.41 

100 0.39 0.40 
109 0.37 0.38 
120 0.36 0.36 
133 0.34 0.35 


*Values calculated from Burch GE, Winsor T. A primer of electrocardiography. Philadelphia, PA: Lea and Febiger; 1958; p. 
272 (Table 6). 


3. Patients developing unexplained syncope or syncope of cardiovascular origin should have Lorelco therapy discontinued and 
should have ECG surveillance. 


4. Drugs that prolong the QT interval are more likely to be associated with ventricular tachycardia after: 
a. An increase in the dose of the drug. 
b. Addition of a second drug that prolongs the QT interval (including tricyclic antidepressants, Class | and Ill antiarrhythmics, 
and phenothiazines). 
c. Hypokalemia or hypomagnesemia. 
d. Severe bradycardia due to intrinsic heart disease or drug effects on the atrial rate (beta-blockers) or AV block (digoxin) 
e. Development of recent or acute myocardial infarction, ischemia, or inflammation. 


The use of Lorelco in patients receiving any of these drugs should be based on the conclusion that 
alternate methods of hypocholesterolemic therapy are either ineffective or not tolerated, and the poten- 
tial benefits of cholesterol lowering outweigh the risk of serious arrhythmia. 


The following conditions should be resolved or corrected prior to initiation of therapy with Lorelco: 

a. Hypokalemia 

b. Hypomagnesemia 

c. Severe bradycardia due to intrinsic heart disease or drug effects on the atrial rate (beta-blockers) or AV block (digoxin). 

d. Recent or acute myocardial infarction, ischemia, or inflammation 
PRECAUTIONS 
General: Before instituting therapy with Lorelco, adequate baseline studies should be performed to determine that the patient 
has persistently elevated total and LDL-cholesterol levels representing a primary lipid disorder, and that the increased 
cholesterol is not due to secondary conditions such as hypothyroidism, poorly controlled diabetes mellitus, obstructive liver 
disease, nephrotic syndrome, or dysproteinemias. Serum lipid levels, including HDL-cholesterol, should be determined after an 
overnight fast before treatment, during an adequate trial of diet and weight r uction therapy prior to addition of drug therapy, 
and periodically during combined diet and drug therapy, including assessment during the first several months of drug treatment. 
A favorable trend in lipid levels should be evident during the first three to four months of administration of Lorelco, and if 
satisfactory lipid alteration is not achieved, the drug should be discontinued. Lorelco lowers serum total and LDL-cholesterol, 
and also lowers HDL-cholesterol in most patients with elevated LDL-cholesterol. Epidemiologic studies within hyper- 
cholesterolemic populations have shown that serum HDL-cholesterol is an independent, inversely correlated, risk factor for 
coronary heart disease (see CLINICAL PHARMACOLOGY). Human studies which will attempt to confirm or deny the hypothesis 
that drug-induced alteration in HDL-cholesterol affects cardiovascular risk are currently under evaluation. It is not known 
whether Lorelco-induced reduction of serum HDL-cholesterol will affect cardiovascular risk since no long-term, controlled 
clinical trials of Lorelco for the prevention of coronary heart disease, similar to the LRC-CPPT (see CLINICAL STUDIES), have 
been performed. The probable benefits obtained from LOL-cholestero! reduction must be weighed against the possible risk of a 
reduction in HDL-cholesterol when assessing the response of each patient receiving Lorelco treatment. If satisfactory lipid 
alteration is not achieved, the drug should be discontinued. 


Information for Patients: The patient should be instructed to adhere to a prudent diet. Females should be cautioned against 
age pregnant for at least six months after discontinuing Lorelco and should not breast-feed their infants during therapy 
with Lorelco. 


Laboratory Tests: The physician should schedule periodic blood lipid determinations and periodic ECGs. (See WARNINGS. ) 


Elevations of the serum transaminases (SGOT, SGPT), bilirubin, alkaline phosphatase, creatine phosphokinase, uric acid, blood 
urea nitrogen, and blood glucose above the normal range were observed on one or more occasions in various patients treated 
with Lorelco. Most often these were transient and/or could have been related to the patient's clinical state or other modes of 
therapy. Although the basis for the relationship between Loreico and these abnormalities is not firm, the possibility that some of 
these are drug related cannot be excluded. In controlled trials, the incidence of abnormal laboratory values was no higher in the 
patients treated with Lorelco than in the patients who received placebo. If abnormal laboratory tests persist or worsen, if clinical 
signs consistent with the abnormal laboratory tests develop, or if systemic manifestations occur, Lorelco should be discon- 
tinued. 


Drug Interactions: The addition of clofibrate to Lorelco is not recommended, since the lowering effect on mean serum levels 
of either LDL or total cholesterol is generally not significantly additive and, in some patients, there may be a pronounced 
lowering of HDL-cholesterol. 


Neither oral hypoglycemic agents nor oral anticoagulants alter the effect of Lorelco on serum cholesterol. The dosage of these 
agents is not usually modified when given with Lorelco. 


Monkeys fed a high fat, high cholesterol diet admixed with probucol exhibited serious toxicity. (See WARNINGS and ANIMAL 
PHARMACOLOGY AND TOXICOLOGY sections.) Prolongation of the QT interval can occur in patients on Lorelco and serious 
arrhythmias have been seen in association with an abnormally long QT interval in patients on Lorelco. The addition of a second 
drug that peoiengs the QT interval (including tricyclic antidepressants, class | and III antiarrhythmics, and phenothiazines) may 
increase the risk of serious arrhythmia. (See CONTRAINDICATIONS AND WARNINGS. ) 


Carcinogenesis, Mutagenesis, Impairment of Fertility 
In chronic studies of two years’ duration in rats, no toxicity or carcinogenicity was observed These results are consistent witt 
the lack of any adverse effect on fertility and the negative findings in tests for mutagenic activity in rats. 


Pregnancy 

Teratogenic Effects 

Pregnancy—Category B: Reproduction studies have been performed in rats and rabbits at doses up to 50 times the humai 
dose, and have revealed no evidence of impaired fertility or harm to the fetus due to probucol. There are, however, no adequati 
and well-controlled studies in pregnant women. Because animal reproduction studies are not always predictive of humai 
response, this drug should be used during pregnancy om if clearly needed. Furthermore, if a patient wishes to becom 
pregnant, it is recommended that the drug be withdrawn and birth control procedures be used for at least six months because 0 
persistence of the drug in the body for prolonged periods. (See CLINICAL PHARMACOLOGY.) 


Labor And Delivery: The effect of Lorelco on human labor and delivery is unknown. 


Nursing Mothers: It is not known whether this drug is excreted in human milk, but it is likely, since such excretion has bee! 
shown in animals. It is recommended that nursing not be undertaken while a patient is on Lorelco 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
Gastrointestinal 
diarrhea or loose stools, flatulence, abdominal pain, nausea, vomiting, indigestion, gastrointestinal bleeding 
Cardiovascular 
prolongation of the QT interval on ECG, syncope, ventricular arrhythmias (ventricular tachycardia, torsades de pointes 
ventricular fibrillation), sudden death 
Neurologic 
headache, dizziness, paresthesia, insomnia, tinnitus, peripheral neuritis 
Hematologic 
eosinophilia, low hemoglobin and/or hematocrit, thrombocytopenia 
Dermatologic 
rash, pruritus, ecchymosis, petechiae, hyperhidrosis, fetid sweat 
Genitourinary 
impotency, nocturia 
Ophthalmic 
conjunctivitis, tearing, blurred vision 
Endocrine 
enlargement of multinodular goiter 
idiosyncrasies 
observed with initiation of therapy and characterized by dizziness, palpitations, syncope, nausea, vomiting and chest pai 
Other 
diminished sense of taste and smell, anorexia, angioneurotic edema 
DRUG ABUSE AND DEPENDENCE: No evidence of abuse potential has been associated with Lorelco, nor is ther 
evidence of psychological or physical dependence in humans 
OVERDOSAGE: There is a single report of a 15-kg, three-year-old, male child who ingested 5 g of probucol Emesis wa 
induced by ipecac. The child remained well, apart from a brief episode of loose stools and flatulence. No specific informatio 
is available on the treatment of overdosage with Lorelco and no specific antidote is available. Probucol is not dialyzable 
Treatment is symptomatic and supportive. Probucol has shown no identifiable acute toxicity in mice and rats. In thes 
animals the LD,,, (oral) is in excess of 5 g/kg of body weight. 
DOSAGE AND ADMINISTRATION: For adult use only. The recommended and maximal dose is 1000 mg daily given | 
two divided doses of 500 mg each (two 250 mg tablets or one 500 mg tablet) with the morning and evening meals. 


HOW SUPPLIED: 250 mg round, white, film-coated tablets imprinted with either the DOW diamond trademark over tt 
code number 51 or LORELCO 250. Bottles of 120 (NDC 0068-0051-52) 

500 mg capsule-shaped, white, film-coated tablets, marked LORELCO 500. Bottles of 100 (NDC 0068-0053-61) 

Keep well resto Store in a dry place. Avoid excessive heat. Dispense in well-closed light-resistant containers with chil 
resistant closure. 


ANIMAL PHARMACOLOGY AND TOXICOLOGY: In rhesus monkeys, administration of probucol in diets containin 
unusually high amounts of cholesterol and saturated fat resulted in the death of four of eight animals after several week: 
Premonitory syncope was frequently observed and was associated with a pronounced prolongation of the QT intervals (301 
50% longer than that observed in untreated monkeys). Serum levels of probucol gromer than 20 mcg/mL were general 
associated with some prolongation in the QT interval in the cholesterol-fed monkey. A 75 msec or greater increase in QT interv 
from control values was usually seen at 40 mcg/mL and above. Blood levels in humans receiving Lorelco average approximate 
20 mcg/mL and not uncommonly reach levels of 40 mcg/mL and higher. Rhesus monkeys fed normal (low fat) chow ar 
receiving probucol three to thirty times the human dose equivalent achieved blood levels only one-third those of many hum 
subjects. No adverse effects were detected in these monkeys over an eight-year period of continuous drug administration. 
another study in rhesus monkeys, an atherogenic diet was fed for two years and daily treatment with probucol, separated in tin 
from the atherogenic meal, was carried out during the second year. Serum probucol levels rangod 20 to 50 mcg/mL in five of te 
monkeys, and less in the remaining animals. Marked prolongation of the QT, interval in the ECG or syncopal behavior was nev 
observed over the entire one-year treatment period. Regression of gross aortic lesions comparable to that observed in a parall 
group of et receiving cholestyramine was seen in animals receiving probucol. It should be emphasized that both HD 
cholesterol and LDL-cholesterol were markedly reduced in this pee study. During the performance of a two-year chron 
study involving 32 probucol-treated dogs (beagles), there were 12 fatalities, 


Subsequent experiments have indicated that probucol sensitizes the canine myocardium to epinephrine, resulting in ventricul 
fibrillation in many dogs. Among the animal species in which probucol has been studied, the dog is peculiar with respect to tl 
phenomenon of sudden death due to the sensitization of the myocardium to epinephrine. In contrast to findings in the do 
injections of epinephrine to probucol-treated monkeys did not induce ventricular fibrillation 


In other studies, monkeys were given probucol either before and after, or only after myocardial infarction was induced | 
coronary artery ligation. In these studies, there was no difference between probucol- and placebo-treated groups with respect 
either survival or detailed blind quantitation of myocardial changes (gross and histopathologic). 


Probucol has shown no identifiable toxicity in mice and rats. In these animals, the LOSo (oral) is in excess of 5 g/kg of bo! 
weight. In chronic studies of two years’ duration in rats, no toxicity or carcinogenicity was observed. 


From studies in rats, dogs, and monkeys, it is known that probucol accumulates slowly in adipose tissue. Approximately 90% 
probucol administered orally is unabsorbed. For that which is absorbed, the biliary tract is the major pathway for clearance fro 
the body and very little is excreted by way of the kidneys. 


Myocardial injury was produced in various gours of rats y one of the following procedures: aortic coarctation, corona 
ligation, or cobalt or isoproterenol injection. After probucol administration, no deleterious effects related to treatment occurr 
as measured by survival and microscopic examination of myocardial damage. 


Probucol was administered to minipigs beginning ten days before ligation of coronary artery and continued for 60 os af! 
yor oa Challenge with epinephrine at the end of 60 days failed to induce ventricular fibrillation in any of the coronary-ligate 
probucol-treated minipigs. 


CLINICAL STUDIES: In a multicenter, randomized, double-blind study, the LRC-CPPT,* hypercholesterolemic patier 

treated with an oral bile acid sequestrant (cholestyramine) and a cholesterol-lowering diet experienced average total and LC 

cholestero! reductions greater than those obtained in the placebo gou treated with diet alone. The cumulative seven-ye 

incidence of the primary end point—combined incidence of definite CHD death and/or definite nonfatal myocardial infarction 

was 7% in the cholestyramine group and 8.6% in the placebo group. This was a 19% reduction in risk (P less than 0.05, sing 

en test) of the primary end point reflecting a 24% reduction in definite CHD death and a 19% reduction in notifatal myocard 

infarction, 

The subjects included in the study were middle-aged men (35-59 years old) with serum cholesterol levels at least 265 mg/dL a 

no previous history of heart disease. It is not clear to what extent these findings can be extrapolated to other segments of | 

hypercholesterolemic population not studied. 

The bile acid sequestrant, cholestyramine, was used in the above trial. Caution should be exercised in extrapolating these resu 

to Lorelco since it differs from cholestyramine with regard to its mode of action, spectrum of cholesterol-lowering poten 

effect on HDL-cholesterol, and possible toxicity. The effect of probucol-induced reduction of serum cholesterol levels 

morbidity or mortality due to coronary heart disease has not been established. 
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: Criteria for Diagnosis 
riteria 
FADA Edited by J. Willis Hurst, M.D. 


Reach for it when you need fast, Í 


Editor in chief 


J. Willis Hurst 


accurate diagnostic information! 





LY Comprised of the ‘‘Criteria for Diagnosis’ sections 
and references from each chapter of the highly 
acclaimed Medicine for the Practicing Physician, 
2E edited by J. Willis Hurst. You can rely on the 
advice of authorities in each field to specify when 
enough information has been gathered to make a 


same as in Medicine) correct diagnosis. 
l. Introduction LY Features practical, succinct guidelines for ordering 
2. Behavioral Problems tests cost-effectively—over 600 pages of essential 
3. Neoplastic Diseases information and tables can be carried on rounds. 
4. Nutritional Disorders (4 Remarkably broad coverage, including common 
>. Immunologic and Allergic gynecologic problems, ear, nose and throat 

Disorders disorders, sexual concerns, etc. The handbook 

6. Joint and Muscle Disorders 


. Infectious Disease Problems 
. Endocrine and Metabolic 


. Disorders of the 


. Gastrointestinal Disorders 
. Neurological Disorders 
. Disorders of the Ears, Nose, 


refers you to the appropriate page in the mother 


. Connective Tissue Disease book if full discussion is desired. 


and the Vasculitides 


June 1989 Est. 654 pp. Paperbound 
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Pressor Effect of Inhaled Ergotamine in Orthostatic 
Hypotension 

Italo Biaggioni, Deborah Zygmunt, Virginia Haile, and David Robertson 


Because venous pooling contributes significantly to the orthostatic hypo- 
tension seen in autonomic failure, the venoconstrictive properties of ergot- 
amine offer theoretical advantage in the treatment of this disorder. How- 
ever, the low and erratic bioavailability of oral preparations has hindered 
the use of ergotamine. We report the potent pressor effects of inhaled 
ergotamine tartrate (1 puff, 0.36 mg) compared to placebo in 8 patients 
with severe autonomic failure. Ergotamine significantly increased systolic 
(29 + 5 mm Hg) and diastolic (13 + 1 mm Hg) blood pressures in the 
seated position compared to placebo (—9 + 5 and —2 + 3 mm Hg, 
respectively). Upright blood pressures 2 hours after administration were 
significantly greater with ergotamine (119 + 8/69 + 5 mm Hg) versus 
placebo (82 + 9/55 + 6 mm Hg, p <0.05). Inhaled ergotamine may 
provide an effective and practical therapy for disabling orthostatic hypo- 
tension. 


93 

Aerobic Exercise Reduces Levels of Cardiovascular and 
Sympathoadrenal Responses to Mental Stress in Subjects 
Without Prior Evidence of Myocardial Ischemia 

James A. Blumenthal, Mats Fredrikson, Cynthia M. Kuhn, Ross L. Ulmer, 
Margaret Walsh-Riddle, and Mark Appelbaum 


Thirty-seven healthy men were randomly assigned to an aerobic exercise 
training group or to a strength and flexibility training group. The aerobic 
exercise consisted of walking and jogging at an intensity of 270% maxi- 
mal heart rate reserve for 1 hour 3 times /week. The strength and flexibili- 
ty exercises consisted of circuit Nautilus training at least twice a week. 
Before beginning the 3-month exercise programs, subjects completed a 
physiologic and behavioral assessment, including graded exercise tread- 
mill testing and a mental stress procedure in which subjects performed 
mental arithmetic while cardiovascular and neuroendocrine responses 
were monitored. After 12 weeks, subjects in the aerobic group achieved a 
14% improvement in peak oxygen consumption, whereas the strength 
training group experienced only a 3% increase. During the mental stress 
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Trandate” Tablets BRIEF SUMMARY 


_ (labetalol hydrochloride) 

_ The following is a brief summary only. Before prescribing, see complete prescribing information in 
-Trandate Tablets product labeling. 

 CONTRAINDICATIONS: Trandate? Tablets are contraindicated in bronchial asthma, overt cardiac fail- 
sure, greater-than-first-degree heart block, cardiogenic shock. and severe bradycardia (see WARN- 


INGS). 
WARNINGS: Hepatic Injury: Severe hepatocellular injury, confirmed by rechallenge in at least one 
case, occurs rarely with labetalol therapy. The hepatic injury is usually reversible, but hepatic necrosis 


_and death have been reported. Injury has occurred after both short- and long-term treatment and 
may be slowly progressive despite minimal symptomatology. Appropriate laboratory testing should 
be done at the first symptom/sign of liver dysfunction (eg. pruritus, dark urine, persistent anorexia, 

jaundice, right upper quadrant tenderness, or unexplained “flu-like” symptoms). If the patient has 


laboratory evidence of liver injury or jaundice, labetalol should be stopped and not restarted. 


Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory function in con- 
gestive heart failure. Beta-blockade carries a potential hazard of further depressing myocardial 
contractility and precipitating more severe failure. Although beta-blockers should be avoided in overt 
congestive heart failure, if necessary, labetalol HCI can be used with caution in patients with a history 
of heart failure who are well compensated. Congestive heart failure has been observed in patients 
receiving labetalol HCI. Labetalol HCI does not abolish the inotropic action of digitalis on heart 
muscle. 

An Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency, continued 
depression of the myocardium with beta-blocking agents over a period of time can. in some cases. 


Jead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should be 


fully digitalized and/or be given a diuretic, and the response should be observed closely. If cardiac 


failure continues despite adequate digitalization and diuretic, Trandate* therapy should be withdrawn 


(gradually, if possible). 
Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Angina pectoris has not been 
reported upon labetalol HCI discontinuation. However, hypersensitivity to catecholamines has been 


_ observed in patients withdrawn from beta-blocker therapy; exacerbation of angina and, in some 


cases, myocardial infarction have occurred after abrupt discontinuation of such therapy. When dis- 


continuing chronically administered Trandate, particularly in patients with ischemic heart discase, the 
dosage should be gradually reduced over a period of one to two weeks and the patient should be 


= carefully monitored. If angina markedly worsens or acute coronary insufficiency develops, Trandate 
administration should be reinstituted promptly, at least temporarily, and other measures appropriate 
~ for the management of unstable angina should be taken. Patients should be warned against interrup- 
~ tion or discontinuation of therapy without the physician's advice. Because coronary artery disease is 
< common and may be unrecognized, it may be prudent not to discontinue Trandate therapy abruptly 


even in patients treated only for hypertension. 
Nonallergic Bronchospasm (eg, Chronic Bronchitis and Emphysema): Patients with bronchospastic 


-disease should, in general, not receive beta-blockers. Trandate may be used with caution, however, 


in patients who do not respond to. or cannot tolerate, other antihypertensive agents. It is prudent, if 


-< Trandate is used, to use the smallest effective dose, so that inhibition of endogenous or exogenous 
_ beta-agonists is minimized. 


Pheochromocytoma: Labetalol HCI has been shown to be effective in lowering blood pressure and 


relieving symptoms in patients with pheochromocytoma. However, paradoxical hypertensive 


responses have been reported in a few patients with this tumor: therefore, use caution when adminis- 
tering labetalol HCI to patients with pheochromocytoma. 


- Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of pre- 
= monitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially important 


with labile diabetics. Beta-blockade also reduces the release of insulin in response to hyperglycemia, 
it may therefore be necessary to adjust the dose of antidiabetic drugs. 
Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy before major sur- 
gery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
heartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic activ- 
ity has not been evaluated in this setting. 
A synergism between labetalol HCI and halothane anesthesia has been shown (see PRECAUTIONS: 
Drug Interactions). 
PRECAUTIONS: General: Impaired Hepatic Function: Trandate* Tablets should be used with caution In 
patients with impaired hepatic function since metabolism of the drug may be diminished. 
Jaundice or Hepatic Dysfunction: (see WARNINGS). 

Information for Patients: As with all drugs with beta-blocking activity, certain advice to patients being 
treated with labetalol HCI is warranted. This information is intended to aid in the safe and effective use 
of this medication. It is not a disclosure of all possible adverse or intended effects. While no incidence 
of the abrupt withdrawal phenomenon (exacerbation of angina pectoris) has been reported with 
labetalol HCI, dosing with Trandate Tablets should not be interrupted or discontinued without a physi- 
cian’s advice. Patients being treated with Trandate Tablets should consult a physician at any signs or 
“symptoms of impending cardiac failure or hepatic dysfunction (see WARNINGS). Also. transient 
scalp tingling may occur, usually when treatment with Trandate Tablets is initiated (see ADVERSE 
REACTIONS). 

-Laboratory Tests: As with any new drug given over prolonged periods, laboratory parameters should 
be observed over regular intervals. In patients with concomitant illnesses, such as impaired renal 


function, appropriate tests should be done to monitor these conditions. 


Drug Interactions: In one survey, 2.3% of patients taking labetalol HCI in combination with tricyclic 
antidepressants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. 
The contribution of each of the treatments to this adverse reaction is unknown, but the possibility of a 
drug interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor 
agonist drugs in patients with bronchospasm; therefore, doses greater than the normal antiasthmatic 


_ dose of beta-agonist bronchodilator drugs may be required. 


Cimetidine has been shown to increase the bioavailability of labetalol HCI. Since this could be 
explained either by enhanced absorption or by an alteration of hepatic metabolism of labetalol HCI, 
special care should be used in establishing the dose required for blood pressure control in such 
patients. 

Synergism has been shown between halothane anesthesia and intravenously administered labetalol 

~ HCI. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, high 


~ concentrations (3% or above) of halothane should not be used because the degree of hypotension will 


be increased and because of the possibility of a large reduction in cardiac output and an increase in 
central venous pressure. The anesthesiologist should be informed when a patient is receiving 
labetalol HCI. ; 

Labetalol HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- 
tensive effect. If labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional 


antihypertensive effects may occur. 


TRN647 


Printed in USA 


Trandate® (labetalol hydrochloride) Tablets 


Drug/Laboratory Test Interactions: The presence of labetalol metabolites in the urine may result in 
falsely elevated levels of urinary catecholamines, metanephrine, normetanephrine, and vanillylman- 
delic acid when measured by fluorimetric or photometric methods. In screening patients suspected of 
having a pheochromocytoma and being treated with labetalol HCI, a specific method, such as a high 
performance liquid chromatographic assay with solid phase extraction (eg, J Chromatogr 385: 
241.1987) should be employed in determining levels of catecholamines. 

Labetalol HCI has also been reported to produce a false-positive test for amphetamine when 
screening urine for the presence of drugs using the commercially available assay methods Toxi-Lab A* 
(thin-layer chromatographic assay) and Emit-d.a.u.* (radioenzymatic assay). When patients being 
treated with labetalol have a positive urine test for amphetamine using these techniques, confirmation 
should be made by using more specific methods, such as a gas chromatographic-mass spectrometer 
technique. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with labetalol 
HCI for 18 months in mice and for two years in rats showed no evidence of carcinogenesis. Studies 
with labetalol HCI using dominant lethal assays in rats and mice and exposing microorganisms 
according to modified Ames tests showed no evidence of mutagenesis. 

Pregnancy: Teratogenic Effects: Pregnancy Category C: Teratogenic studies were performed with 
labetalol in rats and rabbits at oral doses up to approximately six and four times the maximum recom- 
mended human dose (MRHD), respectively. No reproducible evidence of fetal malformations was 
observed. Increased fetal resorptions were seen in both species at doses approximating the MRHD. A 
teratology study performed with labetalol in rabbits at intravenous doses up to 1.7 times the MRHD 
revealed no evidence of drug-related harm to the fetus. There are no adequate and well-controlled 
studies in pregnant women. Labetalol should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. 

Nonteratogenic Effects: Transient hypotension, bradycardia, and hypoglycemia have been rarely 
observed in infants of mothers who were treated with labetalol HCI for hypertension during preg- 
nancy. Oral administration of labetalol to rats during late gestation through weaning at doses of two 
to four times the MRHD caused a decrease in neonatal survival. 

Labor and Delivery: Labetalo! HCI given to pregnant women with hypertension did not appear to affect 
the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are 
excreted in human milk. Caution should be exercised when Trandate Tablets are administered to a 
nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects are mild and transient and occur early in the course of 
treatment. In controlled clinical trials of three to four months’ duration, discontinuation of Trandate* 
Tablets due to one or more adverse effects was required in 7% of all patients. In these same trials, 
beta-blocker control agents led to discontinuation in 8% to 10% of patients, and a centrally acting 
alpha-agonist led to discontinuation in 30% of patients. 

The following adverse reactions were derived from multicenter. controlled clinical trials over treat- 
ment periods of three and four months. The rates. which ranged from less than 1% to 5% except as 
otherwise noted. are based on adverse reactions considered probably drug-related by the investiga- 
tor. If all reports are considered, the rates are somewhat higher (eg, dizziness, 20%; nausea, 14%, 
fatigue, 11%). 

Body as a Whole: Fatigue. asthenia, headache. Gastrointestinal: Nausea (6%), vomiting, dyspep- 
sia. diarrhea. taste distortion. Central and Peripheral Nervous Systems: Dizziness (11%), 
paresthesia. drowsiness. Autonomic Nervous System: Nasal stuffiness. ejaculation failure, impo- 
tence, increased sweating. Cardiovascular: Edema, postural hypotension. Respiratory: Dyspnea. 
Skin: Rash. Special Senses: Vision abnormality, vertigo. 

The adverse effects were reported spontaneously and are representative of the incidence of 
adverse effects that may be observed in a properly selected hypertensive patient population, ie, a 
group excluding patients with bronchospastic disease, overt congestive heart failure. or other contra- 
indications to beta-blocker therapy. 

Clinical trials also included studies utilizing daily doses up to 2.400 mg in more severely hyperten- 
sive patients. The US therapeutic trials data base for adverse reactions that are clearly or possibly 
dose-related shows that the following side effects increased with increasing dose: dizziness, fatigue, 
nausea, vomiting, dyspepsia. paresthesia, nasal stuffiness, ejaculation failure, impotence, and 
edema. 

In addition, a number of other less common adverse events have been reported: 

Body as a Whole: Fever. Cardiovascular: Postural hypotension, including, rarely, syncope. Central 
and Peripheral Nervous Systems: Paresthesia, most frequently described as scalp tingling. In most 
cases. it was mild and transient and usually occurred at the beginning of treatment. Collagen Dis- 
orders: Systemic lupus erythematosus, positive antinuclear factor. Eyes: Dry eyes. Immunological 
System: Antimitochondrial antibodies. Liver and Biliary System: Hepatic necrosis, hepatitis, chole- 
static jaundice, elevated liver function tests. Musculoskeletal System: Muscle cramps, toxic myopathy 
Respiratory System: Bronchospasm. Skin and Appendages: Rashes of various types, such as gener- 
alized maculopapular, lichenoid, urticarial, bullous lichen planus, psoriaform, and facial erythema; 
Peyronie's disease: reversible alopecia. Urinary System: Difficulty in micturition, including acute 
urinary bladder retention. 

Following approval for marketing in the United Kingdom, a monitored release survey involving 
approximately 6,800 patients was conducted for further safety and efficacy evaluation of this prod- 
uct. Results of this survey indicate that the type, severity, and incidence of adverse effects were 
comparable to those cited above. 

Potential Adverse Effects: In addition, other adverse effects not listed above have been reported with 
other beta-adrenergic blocking agents. Central Nervous System: Reversible mental depression pro- 
gressing to catatonia, an acute reversible syndrome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, slightly clouded sensorium, and decreased per- 
formance on psychometrics. Cardiovascular: Intensification of A-V block (see CONTRAINDICA- 
TIONS). Allergic: Fever combined with aching and sore throat, laryngospasm, respiratory distress. 
Hematologic: Agranulocytosis, thrombocytopenic or nonthrombocytopenic purpura. Gastrointesti- 
nal: Mesenteric artery thrombosis, ischemic colitis. The oculomucocutaneous syndrome associated 
with the beta-blocker practolol has not been reported with labetalol HCI. 

Clinical Laboratory Tests: There have been reversible increases of serum transaminases in 4% of 
patients treated with labetalol HCI and tested and, more rarely, reversible increases in blood urea. 
OVERDOSAGE: Information concerning possible overdosage and its treatment appears in the full pre- 
scribing information. 

DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUALIZED. The recommended initial dos- 
age is 100 mg twice daily whether used alone or added to a diuretic regimen. After two or three days, 
using standing blood pressure as an indicator, dosage may be titrated in increments of 100 mg bid 
every two or three days. The usual maintenance dosage of labetalol HCI is between 200 and 400 mg 
twice daily. Before use, see complete prescribing information for dosage details. 


April 1989 
Allen & Hanburys” 
DIVISION OF GLAXO INC. 
Research Triangle Park, NC 27709 ig 
August 198 


The 





Journal 





ADVERTISING SALES OFFICES 


NEW YORK, NEW YORK 
Michael A. Pepper, 212-463-6468 
Robert C. Weidner, 212-463-6469 
249 W. 17th St. 

New York, N.Y. 10011 


DES PLAINES, ILLINOIS 
Wyman Carey, 708-635-8800 
1350 E. Touhy Ave., P.O. Box 5080 
Des Plaines, Ill. 60017-5080 


WEST COAST 

Renee Callahan, 714-851-9422 
18818 Teller Ave., Suite 170 
Irvine, Calif. 92715 


INTERNATIONAL 
Cahners Publishing Company 
27 Paul Street 

London, EC2A, 4JU, England 
Tel: 1-44 1 628-7030 
Telex: 914911 

Fax: 1-44 1 839-6626 
Managing Dir.-Europe 

E. D. Reuteler 

United Kingdom, Benelux 
Stuart Smith 

Tracey Lehane 


Scandinavia 

Martin Sutcliffe 

Italy, France, Spain 

Alasdair Melville 

Switzerland, Germany, Austria, E. Europe 
Uwe Kretzschmar 


JAPAN 

Kaoru Hara—03-366-8301 
Dynaco International, Inc. 

Suite 1003, Sun-Palace Shinjuku 
8-12-1 Nishishinjuku Shinjuku-ku 
Tokyo 160, Japan 

Fax: 03 366-8302 

Telex: J2322609 DYNACO 


Production Manager: Marty Schlessel 


Telephone: 212-463-6546 


Reprints Manager: Herbert V. Paureiss, Jr. 


Telephone: 212-463-6437 


Fax New York Office: 212-463-6470 
Director of Art Department: Barrie Stern 
Contracts Coordinator: Katia Barragan 


CAHNERS PUBLISHING COMPANY 


249 W. 17th St., N.Y., N.Y. 10011 





American 


of 
Cardiology 





CLASSIFIED 


INVASIVE CARDIOLOGIST 


THE UNIVERSITY OF TEXAS HEALTH CENTER AT TYLER OF- 
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testing, the subjects in the aerobic group experienced a greater reduction 
in heart rate, diastolic blood pressure and rate pressure product, and 
tended to secrete less epinephrine and recover faster from the stress than 
subjects who completed the strength training program. These findings 
suggest that aerobic exercise reduces levels of cardiovascular and sym- 
pathoadrenal responses during and after mental stress. 
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The purpose of this study was to determine if the venodilatory effect of 
nitroglycerin was altered by pretreatment with nifedipine. Fifteen healthy 
male subjects were studied. The venodilatory effect of nitroglycerin in the 
setting of pretreatment with placebo was compared to the venodilatory 
effect of nitroglycerin in the setting of pretreatment with nifedipine. 
VV[30], a measure of the venodilatory effect of nitroglycerin, increased by 
0.72 + 0.52 cc/100 cc arm after nitroglycerin in subjects pretreated with 
placebo compared to 0.70 + 0.33 cc/100 cc arm in subjects pretreated 
with nifedipine. Nifedipine does not appear to alter the venodilatory re- 
sponse to nitroglycerin. 
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BALANCED CARDIODYNAMICS 
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TABLETS 


diltiazem HCl/Marion 


CARDIZEM® (diltiazem HCI) is indicated in the treatment of angina 
pectoris due to coronary artery spasm and in the management of 

rh en ; chronic stable angina (classic effort-associated angina) in patients who 
of prescribing information cannot tolerate therapy with beta-blockers and/or nitrates or who remain 
on next page. symptomatic despite adequate doses of these agents. 


Please see brief summary 
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180 to 360 mg/day 


CARDIZEM v=: 


diltiazem HCl/Marion 


MAKING THE DIFFERENCE IN ANGINA 


BRIEF SUMMARY 


CARDIZEM® 
(diltiazem HCI) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker, 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the 
drug, and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission. 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node 
recovery time, except in patients with sick sinus syndrome 
This effect may rarely result in abnormally slow heart rates 
(particularly in patients with sick sinus syndrome) or sec- 
ond- or third-degree AV block (six of 1,243 patients for 
0.48%). Concomitant use of diltiazem with beta-blockers 
or digitalis may result in additive effects on cardiac con- 
duction. A patient with Prinzmetal's angina developed 
periods of asystole (2 to 5 seconds) after a single dose of 
60 mg of diltiazem 

2. Congestive Heart Failure. Although diltiazem has a neg- 
ative inotropic effect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular 
function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/dt). Experi- 
ence with the use of CARDIZEM alone or in combination 
with beta-blockers in patients with impaired ventricular 
function is very limited. Caution should be exercised when 
using the drug in such patients 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in symp- 
tomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant eleva- 
tions in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have been 
reversible upon discontinuation of drug therapy. The rela- 
tionship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is exten- 
sively metabolized by the liver and excreted by the kidneys and 
in bile. As with any drug given over prolonged periods, labora- 
tory parameters should be monitored at regular intervals The 
drug should be used with caution in patients with impaired 
renal or hepatic function. In subacute and chronic dog and rat 
studies designed to produce toxicity, high doses of diltiazem 
were associated with hepatic damage. In special subacute 
hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which 
were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with contin- 
ued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the 
drug should be discontinued. 
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Drug Interaction. Due to the potential for additive effects, 


caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS. ) 


Pharmacologic studies indicate that there may be additive 


effects in prolonging AV conduction when using beta-blockers 
or digitalis concomitantly with CARDIZEM. (See WARNINGS. ) 


As with all drugs, care should be exercised when treating 


patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase. 
Coadministration of CARDIZEM with other agents which follow 
the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabo- 
lized drugs, particularly those of low therapeutic ratio or in 
patients with renal and/or hepatic impairment, may require 
adjustment when starting or stopping concomitantly adminis- 
tered CARDIZEM to maintain optimum therapeutic blood 
levels. 


Beta-blockers: Controlled and uncontrolled domestic stud- 


ies suggest that concomitant use of CARDIZEM and beta- 
blockers or digitalis is usually well tolerated. Available data are 
not sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular dysfunc- 
tion or cardiac conduction abnormalities 


Administration of CARDIZEM (diltiazem hydrochloride) 


concomitantly with propranolol in five normal volunteers re- 
sulted in increased propranolol levels in all subjects and bio- 
availability of propranolol was increased approximately 50%. 
If combination therapy is initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS. ) 


Cimetidine: A study in six healthy volunteers has shown a 


significant increase in peak diltiazem plasma levels (58%) 
and area-under-the-curve (53%) after a 1-week course of 
cimetidine at 1,200 mg per day and diltiazem 60 mg per day 
Ranitidine produced smaller, nonsignificant increases. The 
effect may be mediated by cimetidine’s known inhibition of 
hepatic cytochrome P-450, the enzyme system probably re- 
sponsible for the first-pass metabolism of diltiazem. Patients 
currently receiving diltiazem therapy should be carefully mon- 
itored for a change in pharmacological effect when initiating 
and discontinuing therapy with cimetidine. An adjustment in 
the diltiazem dose may be warranted 


Digitalis: Administration of CARDIZEM with digoxin in 24 


healthy male subjects increased plasma digoxin concentra- 
tions approximately 20%. Another investigator found no in- 
crease in digoxin levels in 12 patients with coronary artery 
disease. Since there have been conflicting results regarding 
the effect of digoxin levels, it is recommended that digoxin 
levels be monitored when initiating, adjusting, and discontin- 
uing CARDIZEM therapy to avoid possible over- or under- 
digitalization. (See WARNINGS. ) 


Anesthetics: The depression of cardiac contractility, con- 


ductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility. A 


24-month study in rats and a 21-month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 


Pregnancy. Category C. Reproduction studies have been 


conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than 
the daily recommended therapeutic dose has resulted in 


embryo and fetal lethality. These doses, in some studies, have 
been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies, there was some reduction in early individual 
pup weights and survival rates. There was an increased inci- 
dence of stillbirths at doses of 20 times the human dose or 
greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, cn alternative method of infant feeding should be 
instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnor- 
malities have usually been excluded. 

in domestic placebo-controlled trials, the incidence of ad- 
verse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presenta- 
tion are: edema (2.4%), headache (2.1%), nausea (1.9%), 
dizziness (1.5%), rash (1.3%), asthenia (1.2%). In addi- 
tion, the following events were reported infrequently (less than 
1%): 

Cardiovascular: Angina, arrhythmia, AV block (first de- 
gree), AV block (second or third degree — 
see conduction warning), bradycardia, 
congestive heart failure, flushing, hypo- 
tension, palpitations, syncope. 

Nervous System: Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, somno- 
lence, tinnitus, tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeu- 
sia, dyspepsia, mild elevations of alkaline 
phosphatase, SGOT, SGPT, and LDH (see 
hepatic warnings), vomiting, weight in- 


crease. 
Dermatologic:  Petechiae, pruritus, photosensitivity, urti- 
coria. 
Other: Amblyopia, CPK elevation, dyspnea, epi- 


staxis, eye irritation, hyperglycemia, nasal 
congestion, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingi- 
val hyperplasia, erythema multiforme, and leukopenia. How- 
ever, a definitive cause and effect between these events and 
CARDIZEM therapy is yet to be established. 
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No longer will 
increasing your 


ad budget 
be an 
act of faith. 


About $3 billion a year is spent on business 
press advertising—yet amazingly little concrete 
evidence has existed to show whether it really 
works. 

Research to actually prove the effectiveness 
of trade and industrial advertising has been 
unconvincing and inconclusive. 

Till now. 


Finally. New research proves business 
press advertising dramatically increases 
sales and profits. 
It's comprehensive. This landmark research 
study took more than three years to complete 
at a cost of over $390,000. 

It's impartial—the study was conducted 
entirely by the independent Advertising 
Research Foundation. 


And employed state-of-the-art data an 
techniques. 

It's conclusive. It links higher levels of! : 
advertising with significant increases in sale 
plus increased profits. Consideringthe __ 
competitive crunch of today’s marketplace 
kinds of results mean increasing your advertising _ 
is no longer an act of faith—but an act of survival. 
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Whats a common denominator of 
most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,! and nearly two thirds of people 
who developed myocardial infarction in the PROCAM Trial had a low 
(<35 mg/dL) baseline level of HDL cholesterol.2 


HEART ATTACK PATIENTS 


(PROCAM TRIAL)? 
LOPID raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL 
in the landmark Helsinki Heart Study (HHS) 3 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 

HDL was below the median (464 mg/dL). Incidence of serious 

coronary events was similar for LOPID and placebo subgroups with ot — 
baseline HDL above the median (464 mg/dL)3 Se 


A powerful case for 
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gemfibrozil ) ‘sins 
RAISES HDL...DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type Ilb patients with low HDL, in addition to elevated LDL and 
triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents such as bile acid sequestrants 
and nicotinic acid. 


*Defined as a combination of definite coronary death and/or definite myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. E ypenipidemia in coronary heart disease. |. Lipid levels in 500 survivors of myocardial 
infarction. J Clin Invest. 1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Münster Trial. Zürich: Panscientia Verlag; 1986:8-9. 
3. Data on file, Medical Affairs Dept, Parke-Davis. 
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Before prescribing, please see full prescribing information. 
É A Brief Summary follows. 
~ CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
-biliary cirrhosis. 
= 2 Preexisting gallbladder disease (See WARNINGS). 
| 3. Hypersensitivity to gemfibrozil. 
_ WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
- tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
_ Project, 1000 subjects with previous myocardial infarction were treated for five years 
| with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
_ developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
i ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
ie onary heart disease were treated with clofibrate for five years and followed one year 
| beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
i treated than in a comparable placebo-treated control group. The excess mortality was 
| due to a 33% increase in noncardiovascular causes, including malignancy, post- 
-cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
_ subjects for gallbladder disease was confirmed. 
~ During the Helsinki Heart Study and in the 1⁄2 year follow-up period since the trial 
| was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
| of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
| the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
| greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 
k In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1⁄2 years since the trial was completed was 39 in the Lopid group and 29 
-inthe placebo group (difference not statistically significant). This includes 5 basal cell 
~ carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
= predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
_ groups. Follow-up of the Helsinki Heart 
| Study participants will provide further infor- 
< mation on cause-specific mortality and 
| cancer morbidity. 
| 2. Agallstone prevalence substudy of 450 
| Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
| stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
1 bo group, a 55% excess for the gemfibrozil 
| group). A trend toward a greater incidence 
| of gallbladder surgery was observed for the 
| Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
i from the increased incidence of cholecystectomy observed in the WHO study in the 
~ group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 
| 3. Since a reduction of mortality from coronary artery disease has not been 
- demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
p AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
-be discontinued. 
k 4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
-to maintain the prothrombin time at the desired level to prevent bleeding complications. 
_ Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 
k 5, Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
N _ rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
4 leading in a high proportion of cases to acute renal failure. In most subjects who have 
= hadanunsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
= Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
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medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 

_ of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 

- thatthe lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 

___ tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 

= in obese patients, and control of any medical problems such as diabetes mellitus and 

K hypothyroidism that are contributing to the lipid abnormalities. 

4 2. Continued Therapy — Periodic determination of serum lipids should be obtained, 

=- andthe drug withdrawn if lipid response is inadequate after 3 months of therapy. 

9 3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 

combined therapy or after several months. In most subjects who have had an unsatisfac- 

| tory lipid response to either drug alone, the possible benefit of combined therapy with 

| lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 

-_LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 

~ COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
| THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS, FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 

j DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 

i dose male rats. The incidence of liver carcinomas increased also in low dose males, 
= but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B—Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a Causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; Im- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng/ J Med 
1987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; A 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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cholesterol in most patients” 


In long-term clinical trials, Lozol 
has demonstrated little or no 
effect on serum cholesterol levels.'? 
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DESCRI + Lozol ® (indapamide) is an oral antihypertensive/diuretic 

INDICATIONS AND USAGE: Lozo! is indicated tor the treatment of hypertension, alone 

or in combination with other antihypertensive drugs 

Lozol is also indicated for the treatment of sait and fluid retention associated with con- 

gestive heart failure. 

Usage in Pregnancy. (see PRECAUTIONS) 

CONTRAINDICATIONS: Anuria. Known hypersensitivity to indapamide or to other 

Sulfonamide-derived drugs. 

WARNINGS: Hypokalemia occurs commonly with diuretics, and electrolyte monitoring is 

essential, particularly in patients who would be at increased risk from hypokalemia, such 

as those with cardiac arrhythmias or who are receiving concomitant cardiac glycosides 

In general diuretics should not be given concomitantly with lithium because they reduce 

its renal clearance and add a nigh risk of lithium toxicity Read prescribing information tor 

lithium preparations before use of such concomitant therapy 

PRECAUTIONS: Ganora! 

1. Aypokalemia and Other Fluid and Electrolyte Imbalances. Periodic determinations ot 

serum electrolytes should ne performed at appropriate intervals. In addition, patients should 

be observed for clinical signs of fluid or electrolyte imbalance, such as hyponatremia, 

hypochioremic alkalosis, cr hypokalemia. Warning signs include dry mouth, thirst, weak- 

ness, fatigue, lethargy, drowsiness, restlessness, muscle pains or Cramps, mpaanson, 

oliguria, tachycardia, and gastrointestinal disturbance. Electrolyte determinations are par- 

ticularly important in patients who are vomiting excessively or receiving parenteral fluids, 
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ease, and cirrhosis), and in patients on a salt-restricted diet. 
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doses are used, when the diuresis is brisk, when severe cirrhosis is present and durin 
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response of the heart to the toxic etfects of digitalis. such as increased ventricular 
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2. Hyperuricemia and Gout: Serum concentrations of uric acid increased by an average of 
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5. Glucose Tolerance: Latent diabetes may become manifest and insulin requirements in 
diabetic patients may be altered during thiazide administration. Serum concentrations of 
glucose Should be monitored routinely during treatment with Lozol 
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The National Cholesterol Education Program treat- 


ment guidelines define a plasma total cholesterol of 
<200 mg/dl as “‘desirable”’ and recommend no fur- 
ther evaluation of plasma lipid or lipoprotein levels 
in patients with coronary artery disease (CAD). To 
determine the prevalence of dyslipidemias in the 
presence of coexistent CAD and total cholesterol 
<200 mg/dl, a retrospective case-control study of 
1,000 patients who underwent diagnostic coronary 
angiography was performed. Of 351 patients with 
total cholesterol <200 mg/dl, 76% of the men 
(244) and 44% of the women (107) had angio- 
graphically demonstrated CAD. In men with CAD 
and total cholesterol <200 mg/dl, there was a sig- 
nificantly greater prevalence of low levels of high 
density lipoprotein (HDL) cholesterol (<35 mg/dl), 
age >50 years, systemic hypertension and diabetes 
mellitus compared to non-CAD control subjects. In 
women with CAD and total cholesterol <200 mg/ 
di, HDL cholesterol <45 mg/dl and diabetes melli- 
tus were also significantly prevalent. Multiple logis- 
tic regression analyses revealed that HDL choles- 
terol, hypertension and age in men and very low 
density lipoprotein cholesterol in women were sig- 
nificantly associated with CAD after adjustment for 
other risk factors. These results suggest that a 
complete lipid and lipoprotein analysis be obtained 
in all patients with CAD, irrespective of the plasma 
(or serum) total cholesterol level. 

(Am J Cardiol 1990;65:1-5) 
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ment guidelines recommend that all adults with 

plasma total cholesterol levels >240 mg/dl un- 
dergo lipoprotein analysis,! because high levels of total 
cholesterol or low density lipoprotein (LDL) cholesterol 
are associated with an increased risk of coronary artery 
disease (CAD) and reduction of these levels decreases 
coronary events.* These guidelines also apply for a total 
cholesterol between 200 and 239 mg/dl if CAD or 22 
risk factors for CAD are present. Conversely, a total 
cholesterol <200 mg/dl is “desirable” and no further 
lipid or lipoprotein analysis is recommended except for 
repeat total cholesterol measurements every 5 years. 

High density lipoprotein (HDL) cholesterol has re- 
ceived less attention than LDL cholesterol, despite 
being a strong and independent predictor of CAD.3 
Whether very low density lipoprotein (VLDL) choles- 
terol, or its predominant lipid, triglyceride, independent- 
ly predicts CAD has been controversial.* 

Because the overwhelming majority of lipid or lipo- 
protein abnormalities (dyslipidemias) coincide with a 
total cholesterol >200 mg/dl, it is not surprising that 
data are lacking in CAD subjects with total cholesterol 
S200 mg/dl. We examine this issue. 


T he National Cholesterol Education Program treat- 


METHODS 

Patient selection: One thousand men and women 
aged from 26 to 77 years underwent diagnostic coro- 
nary arteriography at the Johns Hopkins Hospital be- 
tween 1975 and 1978. The study population comprised 
2 groups: the first consisted of 260 nonconsecutive pa- 
tients who had arteriograms from April 1975 to March 
1977 as part of a pilot study to examine risk factors for 
CAD. The second group consisted of 740 consecutive 
patients studied from March 1977 to April 1978. The 
groups differed in 2 ways. Although selection criteria 
were the same for groups 1 and 2, only a fraction of 
eligible patients were included in group 1, whereas all 
patients were enrolled in group 2. To test for selection 
bias, groups 1 and 2 were compared with regard to age, 
sex, race, number of diseased coronary vessels and car- 
diac history. The significance of differences was tested 
using the chi-square test. Group 1 had significantly 
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Age (yrs) 
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* p <0.05; t p <0.001. 


Mean + SD 


Mean + SD Mean + SD 


CAD = coronary artery disease; HDL = high density lipoprotein; LDL = low density lipoprotein; SD = standard deviation; TC = total cholesterol; TG = triglycerides; VLDL = very low 


density lipoprotein. 





more patients (p <0.05) who were <50 years old (43 vs 
35%) and black (11 vs 7%). However, groups 1 and 2 
did not differ by sex (67% were men), presence of angi- 
na or history of myocardial infarction. Most important- 
ly, the 2 groups were very similar with respect to the 
presence or extent of CAD. We therefore combined 
groups | and 2 in the analysis. 

Coronary arteriography: After cardiac catheteriza- 
tion, each angiogram was reviewed by 3 cardiologists 
who were blinded to patient identity and the initial an- 
giographic report. There was an 88 to 95% agreement 
between this panel and the catheterization report. The 
location and severity of disease (as percent of luminal 
narrowing) was recorded in 15 segments of the 3 main 
coronary arteries and the left main coronary artery as 
previously described.’ Patients with a luminal diameter 
reduction of 250% of any coronary artery segment 
were classified as having angiographically demonstrated 
CAD. 

Lipid and lipoprotein analysis: Plasma lipid and li- 
poprotein levels were determined at the Johns Hopkins 
Lipid Research Clinic, a laboratory standardized by the 
Centers for Disease Control. On the morning of arteri- 
ography after an overnight fast, 15 ml of venous blood 
was collected in a single vacutainer tube containing di- 
sodium ethylenediaminetetraacetic acid. Plasma choles- 
terol and triglyceride levels were measured with a Tech- 
nicon Auto Analyzer II (Technicon Instrument Corp.), 
using modified Lieberman-Burchard and fluorometric 
techniques, respectively. HDL cholesterol was deter- 
mined after precipitation of the apo-B containing lipo- 
proteins in plasma with heparin-manganese. Plasma (5 
ml at its own density) was subjected to ultracentrifuga- 
tion at 105,000 g for 18 hours; VLDL cholesterol and 
LDL cholesterol were determined using methods of the 
Lipid Research Clinics Program.® Ultracentrifugation 
was performed in 87% of men and 85% of women. In 
the remaining cases, LDL cholesterol was estimated 
from the Friedewald formula’ (neither chylomi- 
cronemia nor triglycerides >400 mg/dl was present). 
Agarose gel electrophoresis was used to detect the pres- 
ence of floating 8 lipoproteins in the d <1.006 ultracen- 
trifugal supernatant indicative of type III hyperlipopro- 
teinemia (dysbetalipoproteinemia), or of sinking pre-@ 
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lipoproteins [LP(a)| in the d >1.006 ultracentrifugal 
infranate. The average threshold for detectability of 
Lp(a) is 21 mg/dl.’ Of the 1,000 patients, approximate- 
ly 6% did not have lipid analyses performed, primarily 
because heparin had been administered before sam- 
pling. 

Lipoprotein levels were categorized for univariate 
analyses based on current National Cholesterol Educa- 
tion Program guidelines. The cutoff levels were total 
cholesterol of 200 mg/dl, LDL cholesterol of 130 mg/dl 
and HDL cholesterol of 35 mg/dl. An HDL cholesterol 
of 45 mg/dl was also tested in woman because this rep- 
resents the bottom quartile and more closely approxi- 
mates the 35 mg/dl cutoff level in men.? Because cri- 
teria for “desirable” triglyceride levels are not well 
established, we arbitrarily chose 150 mg/dl, which ap- 
proximates the 50th to 75th percentile in adult men and 
the 75th to 90th percentile in women.’ Lipoprotein phe- 
notypes based on the Fredrickson-Levy classification!® 
were also determined. 

Risk factor assessment: Risk factor assessment 
was determined by self-administered questionnaires and 
medical record review. They included: age (>50 years 
in men and >60 years in women), a family history of at 
least 1 first-degree relative with known coronary dis- 
ease, current smoking history (21 cigarette smoked/ 
day), physical activity (participant in a regular exercise 
program),!! body mass index (weight [in kg] divided by 
height [in m2] on admission, with obesity defined as 
>27),!2 hypertension (>140/90 mm Hg at admission or 
while receiving antihypertensive medication), alcohol 
consumption (>1 drink/day), diabetes mellitus (by his- 
tory, use of hypoglycemic agents or fasting blood sugar 
>115 mg/dl on admission). The medication status of all 
subjects was also recorded. 

Statistical analysis: Patients were grouped into 
those with and without CAD. The differences in contin- 
uous risk factor variables between these groups were 
evaluated using the ¢ test. The differences in categorical 
variables were measured using chi-square tests. The 
designated level of significance was 0.05. Multiple logis- 
tic regression analysis evaluated the effects of risk fac- 
tors on the occurrence of CAD. The significance of the 
coefficients was tested using the Wald statistic. All 


analyses were stratified by sex and total cholesterol level 
(=200 and >200 mg/di) using the Statistical Analysis 
System computer program. 


RESULTS 

One thousand patients undergoing diagnostic coro- 
nary angiography were subdivided into 2 groups: desir- 
able total cholesterol levels ($200 mg/dl) and border- 
line or high levels (>200 mg/dl). There were 935 pa- 
tients who had lipid analyses performed; 351 had total 
cholesterol <200 mg/dl. Of 244 men and 107 women 
with total cholesterol <200 mg/dl, CAD was present in 
76% of men and 44% of women (p <0.01); the distribu- 
tion of CAD by gender was similar to the total choles- 
terol >200 mg/dl group (88% of men, 51% of women). 
The prevalence of CAD in whites and blacks with total 
cholesterol <200 mg/dl (67 vs 59%) and >200 mg/dl 
(78 vs 73%) was not significantly different. 

The subsequent series of data analyses focused ex- 
clusively on the group with total cholesterol <200 mg/ 
dl. Patients (50 men, 13 women) with a recent myocar- 
dial infarction (<2 months) were excluded, because li- 
poprotein levels are altered during this period.!3 Table I 
lists the significant differences in mean ages, lipid and 
lipoprotein levels between CAD and non-CAD men. In 
women, only mean triglycerides, VLDL cholesterol 
and HDL cholesterol levels were statistically different. 
Mean ratios of total cholesterol to HDL cholesterol 
were also significantly higher in men and women with 
CAD. 

Table II lists results of univariate analysis for the 
risk factors studied. Older age, systemic hypertension 
(in men) and diabetes mellitus (in both sexes) were sig- 
nificantly prevalent in CAD subjects with desirable to- 






TABLE Il Prevalence of Selected Risk Factors in Men and 
Women With or Without CAD and Total Cholesterol <200 
mg/dl 











Family history (+) 
Cigarette smoker Iasee. 51. 7E 35. 57 | 54a 
Hypertension 138 44* 55 24 36 44 57 2 
Age 139.71" $5. * -44 t37: 35. 2S7 
Exercise 121284 46 24 33.) 2p ° 49. EJ] 
Alcohol 122 24 46 24 33 6 468415 
Body mass index >27 122 25 49 31 29 24 42 21 
Diabetes mellitus 137 14* 54 2:37 Zit SF 4 
Lp(a) positive Las? 6 Sy. Ae r E o AP. AF 4 


* p <0.05; t p <0.001. 
CAD = coronary artery disease. 


tal cholesterol levels. Figure 1 shows the significant 
prevalence of low HDL cholesterol in men and women 
with CAD. Approximately 67% of men with CAD and 
33% of women with CAD had HDL cholesterol <35 
mg/dl, and 80% of women with CAD had HDL choles- 
terol <45 mg/dl. No significant differences in preva- 
lence of high LDL cholesterol or triglycerides were not- 
















There were 24 patients meeting the criteria of the 
Fredrickson-Levy classification; 20 men and 4 women 
had type IV lipoprotein patterns. Chylomicronemia was 
not detected in the plasma samples analyzed. 

Pharmaceuticals that may impact adversely on plas- 
ma lipids and lipoproteins include 8 blockers and thia- 


FEMALES 


Low HDL 


%HDL=35mg/ dL 


%LDL>130mg/ dL 


%TG>150mg/dL 


CAD No CAD 





CAD No CAD 





FIGURE 1. Prevalence of lipid and lipoprotein abnormalities with or without 
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coronary artery disease (CAD) and total cholesterol 
200 mg/dl. HDL = high density lipoprotein; LDL = low density lipoprotein; TG = triglyceride. 
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TABLE Ill Mean Lipid and Lipoprotein Levels in CAD Subjects With or Without 6 Blockers or Thiazide Diuretics and Total 
Cholesterol <200 mg/dl 


B Blockers 


Thiazide Diuretics 
HDL 
LDL 
TG 


Mean + SD 


3449 
119 + 21 
133 + 62 


S15 
129 + 18* 
122+ 61 


Without 


Mean + SD 


33 +8 
118+ 23 
114 62 


3448 
1184 22 
133 + 65 


Mean + SD 


37 +10 
112+ 21 
149 + 77* 


4447 
116+15 
104 + 26 


Without 


No. 


Mean + SD 


41+10 
113+ 28 
105 + 32 


39+ 10 
119+18 
133 + 63 


Men (n = 150) 


Variable Coefficient 


Age 

VLDL 

HDL 
Hypertension 
Body mass index 


NS = not significant; SE = standard error. Other abbreviations as in Table |. 


zide diuretics.'4 Although 49% of men with CAD (137) 
and 46% of women with CAD (37) were receiving ĝ 
blockers, the prevalence of low HDL cholesterol (<35) 
was not significantly different between the 6-blocker 
and non-§-blocker groups (66 vs 71% in men; 41 vs 25% 
in women). Mean lipid and lipoprotein levels in CAD 
subjects with or without 8-blocker or thiazide use is list- 
ed in Table III. Significantly higher mean LDL choles- 
terol in men, and triglycerides in women, accompanied 
thiazide and -blocker use, respectively. Mean HDL 
cholesterol levels were not significantly altered with use 
of either drug. Furthermore, mean HDL cholesterol in 
CAD subjects receiving 6 blockers was not statistically 
different than in the non-CAD control subjects (34 vs 
36 mg/dl in men; 41 vs 43 mg/dl in women). In addi- 
tion to these drugs, 8 women were using estrogen sup- 
plements or oral contraceptives and 5 men were receiv- 
ing clofibrate for hypertriglyceridemia. 

A multiple logistic regression model of CAD was 
constructed using age, HDL cholesterol, VLDL choles- 
terol, body mass index and hypertension (Table IV) as 
the independent variables. Diabetes mellitus was not 
added to the model due to the small number of diabetic 
subjects without CAD (1 man and 2 women). In men, 
age, plasma HDL cholesterol and hypertension were in- 
dependently correlated with CAD. In women, VLDL 
cholesterol was the sole variable independently associ- 
ated with CAD, after adjustment for other risk factors. 
The addition of 8 blockers to the model did not alter the 
significant independent effect of HDL cholesterol in 
men (p = 0.02) or VLDL cholesterol in women (p = 
0.002). 
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Women (n = 64) 


Coefficient 





DISCUSSION 

The National Cholesterol Education Program re- 
cently established guidelines for the detection and man- 
agement of hyperlipidemia and is predicated on the re- 
sults of a screening of total cholesterol. If a total choles- 
terol level is <200 mg/dl, reassurance is provided and 
cholesterol measurements need not be repeated for up to 
5 years thereafter. There is no allowance for lipid or 
lipoprotein analysis. Hence, atherogenic dyslipidemias 
present despite desirable cholesterol levels will not be 
detected under the current system. 

Although the incidence of CAD increases considera- 
bly as cholesterol levels increase >200 mg/dl,' evidence 
that a desirable total cholesterol does not afford immu- 
nity from CAD is exemplified in the Framingham 
Study, where >15% of middle-aged adults developing 
CAD over a 12-year period had total cholesterol levels 
<200 mg/dl.!5 The high prevalence of desirable choles- 
terol levels (34%) among CAD patients in the present 
study is noteworthy; despite these levels, HDL choles- 
terol was independently associated with CAD in men, 
even after adjustment for other confounding variables 
(i.e., 8 blockers). 

That low levels of HDL cholesterol predict CAD is 
well documented in hyperlipidemic patients.'® Results 
from long-term prospective studies!’'* now support 
similar conclusions even when cholesterol levels are not 
elevated. Our data provide further evidence that a total 
cholesterol in the desirable range may underestimate 
the importance of HDL cholesterol. 

The role of VLDL cholesterol (or triglycerides) as 
an independent predictor of coronary disease remains 


unresolved, although it has been demonstrated in wom- 
en and men aged >50 years.' Recently, triglycerides 
were a significant predictor of coronary death when to- 
tal cholesterol levels were <220 mg/dl; several potential 
mechanisms have been postulated.2° In the present 
study, VLDL cholesterol was the only independent vari- 
able associated with CAD in women. Mean triglyceride 
levels were also significantly higher in both men and 
women with CAD (Table II) than in non-CAD pa- 
tients. Normal or mildly elevated plasma triglycerides 
(150 to 250 mg/dl) often occur in hyperapobetalipo- 
proteinemia (hyperapoB), a lipid disorder marked by in- 
creased levels of the major apolipoprotein of LDL, apo 
B, and an increased risk of CAD in the presence of a 
normal or near-normal LDL cholesterol.?! Apolipopro- 
teins were not measured in this study and consequently, 
the prevalence of this disorder could not be ascertained. 

Identification of low HDL cholesterol or high tri- 
glyceride levels in CAD patients is warranted because 
they may be potentially modifiable through smoking 
cessation,” aerobic exercise, weight reduction, fat- 
modified diets and drugs. Dietary restriction decreases 
triglyceride and increases HDL cholesterol levels in 
obese subjects.' Unfortunately, there are no unique 
HDL cholesterol-raising diets; the objective therefore, is 
to improve the total or LDL cholesterol to HDL choles- 
terol ratio by substituting poly- or monounsaturated for 
saturated fats.24 

Pharmaceuticals may be tried if traditional mea- 
sures fail. Elevations in HDL cholesterol up to 37% and 
reductions in triglycerides by 40% have been achieved 
with these agents.*>?6 More importantly, dietary 
or pharmacologic manipulation, which significantly in- 
crease HDL cholesterol while decreasing LDL choles- 
terol or triglycerides, may halt progression of existing 
atherosclerotic lesions,”’*® even in the setting of a “de- 
sirable” total cholesterol.” This is of considerable sig- 
nificance for men with CAD, in whom, even in the pres- 
ence of desirable cholesterol levels, the incidence of fur- 
ther coronary events (myocardial infarction or sudden 
death) is nearly 9-fold greater than for men without 
CAD.’ 

It has recently been demonstrated that increasing 
HDL cholesterol independently reduces future CAD 
events in hyperlipidemic subjects.2° Whether the same 
is applicable in subjects with isolated low HDL choles- 
terol levels but desirable total cholesterol levels is an 
area that merits further investigation. Presently, we be- 
lieve that secondary preventive measures should be 
maximized in all CAD subjects, and therefore complete 
lipid and lipoprotein analysis should be made a routine 
part of this approach. 
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A multicenter study of blood cholesterol screening 
was performed in several typical environments, 
such as community sites (shopping malls and a su- 
permarket), health care sites, work sites, a blood 
bank and a school. Cholesterol was measured with 
a portable, dry-chemistry analyzer using capillary 
blood obtained by fingerstick. Data are reported 
from a total of 13,824 participants, spanning the 
entire age spectrum. Overall, 25% of screened sub- 
jects had blood cholesterol levels above the age- 
specific cutpoints used in the current study. Al- 
though in the aggregate this screening experience 
very closely approximates the expected level of re- 
ferrals, the proportion of referred screened sub- 
jects differed significantly among the 5 types of 
screening environments and by gender. Follow-up 
telephone interviews indicated that 53% of refer- 
rals had initiated a physician contact. More than 
75% of those who had seen a physician reported 
that the diagnosis of hypercholesterolemia had 
been confirmed, and almost 72% had been pre- 
scribed a diet. A large proportion of referred 
screened subjects reported having modified their 
diet, particularly when recommended to do so by a 
physician. This study has yielded encouraging evi- 
dence that physicians gave referred screened sub- 
jects appropriate initial advice for managing hyper- 
cholesterolemia. The new technology for blood cho- 
lesterol measurement evaluated in the current 
study has proven to be a feasible and reliable 
means for measuring blood cholesterol in typical 
screening settings. 
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idespread enthusiasm for conducting public 
W screening to measure blood cholesterol has 
become increasingly evident, reflecting the 
growing public awareness that high blood cholesterol 
is a major and controllable risk factor for coronary 
heart disease and that it is important to know one’s cho- 
lesterol level.! We used new technology to measure cho- 
lesterol from capillary blood obtained by fingerstick. 
This technology offers the attractive features of instru- 
ment portability, minimal discomfort, availability of test 
results within minutes and low single-test cost. 
Screenings were performed at health-care sites and 
several public screening environments. Follow-up tele- 
phone interviews were done to evaluate screened sub- 
jects’ compliance with referral recommendations and to 
ascertain physician management of referred screened 
subjects. Four major questions were addressed: (1) 
What proportion of screened subjects have blood choles- 
terol above referral levels? (2) Do referred screened 
subjects visit a physician? (3) When screened subjects 
visit a physician, is the diagnosis of high cholesterol con- 
firmed and are dietary changes prescribed by the physi- 
cian? (4) Is physician prescription of dietary modifica- 
tion necessary for its adoption by screened subjects with 
blood cholesterol levels above referral cutpoints? 


METHODS 

Participating centers, environments screened and 
recruitment: Studies by the 11 United States Lipid Re- 
search Clinics involved screenings in blood banks (con- 
ducted by 1 center), and school (1 center), community 
(4 centers), health care (4 centers) and work sites (3 
centers), performed according to collaborative proto- 
cols. The recruitment strategy involved a limited effort 
at each center to disseminate information concerning 
the site locations and dates of the screenings. Participa- 
tion by screened subjects was voluntary. 

Cholesterol measurement: Cholesterol measure- 
ments were performed using the Reflotron®, a portable, 
dry-chemistry analyzer, manufactured by Boehringer- 
Mannheim. A 30-ul sample of whole blood, collected 
via fingerstick into a heparinized capillary tube, is ap- 
plied to the obverse side of the reagent tab. With this 
procedure, erythrocytes are separated from plasma on a 
glass-fiber layer at the surface of the tab. The plasma 
flows by capillary action into a sequence of layers con- 
taining reagents for an enzymatic method, in which 
cholesteryl esters are hydrolyzed by cholesteryl esterase, 
followed by oxidation of the unesterified cholesterol cat- 
alyzed by cholesterol oxidase. One of the reaction prod- 


TABLE I Number of Screened Subjects in Successive Phases of Study 


errr eee 


Referrals 


Percent of 


Environment No. Screened 


Blood bank 
Community 
Health care 
School 
Work 

Total 


Screening Environment 


Category Screened 


Follow-Up 


Percent of 
Total Follow-Ups 


Percent of 
Category Referred 


eee 


Age (yrs) Blood Bank 


Community 


Health Care 





2,029 586 1,468 13,824 


* Cholesterol values are in mg/dl. 


ucts, hydrogen peroxide, then oxidizes a dye to produce 
a colored product that is measured with a reflectance 
photometer. 

A magnetic strip affixed to the reverse side of the 
reagent tab contains test-specific information, including 
parameters of the analysis procedure and calibration 
data to convert photometer readings into cholesterol 
values. After the blood sample has been applied, the re- 
agent tab is inserted immediately into the analyzer unit. 
The cholesterol reading is displayed on a digital read- 
out, after an elapsed analysis time of about 3 minutes. 

Quality control of cholesterol measurements: A 
check tab provided by the Reflotron manufacturer was 
used at least once at the beginning of each day’s screen- 
ing to verify that the reflectance photometer unit was 
operating within prescribed limits. In addition, aliquots 
from each of 2 quality control samples (Precinorm U®, 
mean cholesterol 196 mg/dl; and Precipath U®, mean 
cholesterol 239 mg/dl), provided by Boehringer-Mann- 
heim, were analyzed after each vial (26 tabs) of reagent 
tabs to monitor the performance of the entire system. 
Cholesterol readings obtained with these controls had to 
remain within 2 standard deviations of the mean (the 
range of acceptable values specified in the instructions 
accompanying each control sample vial) for analysis to 
continue. 

Referral guidelines: In our study, conducted before 
_Telease of the new National Cholesterol Education Pro- 
gram adult treatment guidelines,? the blood cholesterol 
levels that prompted a referral of screened subjects aged 
220 years to a physician for follow-up evaluation were 
defined using the age-specific cutpoints recommended 


by the National Institutes of Health Consensus Devel- 
opment Conference on Lowering Blood Cholesterol.3 
Blood cholesterol values =90 percentile of the Lipid Re- 
search Clinics Prevalence Study* were designated as the 
high-risk category, whereas those between the 75th and 
90th percentiles were designated as the moderate-risk 
group. Participants <20 years of age were referred if 
the blood cholesterol was =180 mg/dl. These referrals 
were not further subdivided into high- and moderate- 
risk categories. 

At the screening site, each screened subject was pro- 
vided a form that recorded the cholesterol result and 
was also advised to seek follow-up evaluation by a 
physician if the screening value was within the referral 
range. Information printed on this form listed the cut- 
points defining moderate- and high-risk cholesterol lev- 
els and recommended that screened subjects with ele- 
vated cholesterol levels consult their physician for fol- 
low-up evaluation. A copy of this form was mailed 
to the designated physician when requested by the 
screened subject. Each screened subject was also given 
an informative brochure concerning blood cholesterol 
and other coronary artery disease risk factors that also 
included dietary advice for lowering blood cholesterol. 
In addition, dieticians or other staff were usually avail- 
able at the screenings to answer questions. 

Follow-up survey of referred screened subjects: 
Table I lists the number of participants from each 
screening environment who were included in the follow- 
up phase of this study. Within several weeks (median 2 
months) after the screening, a telephone interview was 
conducted with a total of 1,113 (31%) of the referred 


THE AMERICAN JOURNAL OF CARDIOLOGY JANUARY 1, 1990 7 


screenees. Participants whose blood cholesterol levels 
were in the referral range were selected at random for 
follow-up by telephone interview. If efforts to contact a 
specific individual were unsuccessful after 3 attempts, 
the next randomly selected referral was contacted until 
the designated number (generally approximately 100/ 
center) of follow-up interviews were completed. None of 
those contacted refused to provide the requested infor- 
mation. 
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RESULTS 

Mean cholesterol values are listed in Table II by 
age group and screening environment. A total of 13,824 
participants were screened, including 13,238 who were 
>20 years of age, and 586 school-site participants who 
were <20 years of age. Health care and community 
sites yielded older (79 and 84%, respectively, aged 240 
years) and predominantly female (>60%) participants, 
when compared with work sites (51% were 40 years or 
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cutpoint 

terol >180 mg/dl) was 
used for the school site 
(<20 years) group. 


older and 52% were men) or blood banks (40% were 40 
years or older, and 55% were men). 

Figure 1 shows the proportion of screening values 
that fell within the referral range, categorized according 
to screening environment. The overall proportion of re- 
ferrals was 25%, including equal proportions of those in 
the high- and moderate-risk categories. The proportion 
of referrals differed (p <0.01) among the screening en- 


WN) HIGH RISK 


vironments, with the lowest levels in screened subjects 
from blood banks and work sites. The proportion of re- 
ferrals also differed among age groups, even though the 
cutpoints were age-specific (Figure 2). Screened sub- 
jects aged 240 years had the highest proportion of 
blood cholesterol levels above the referral cutpoints. 
Fewer men (21%) than women (29%) were referred 
(Figure 3). The proportion of men referred was also 
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lower than women in the high-risk (10 vs 16% of those 
aged =20 years) and the moderate-risk groups (11 vs 
14%). 

Figure 4 shows the response given when referrals 
from each screening environment were subsequently 
asked whether they had contacted a physician. More 
than 53% of those interviewed indicated that they had 
either seen a physician (43%) or had made an appoint- 
ment (10%). When the high-risk referrals are compared 
with those at moderate risk, physician contact (visit 
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completed or appointment made) was reported in a 
larger proportion of the high- (64%) than moderate-risk 
(44%) group overall. The highest level of physician con- 
tact (82%) was reported by referrals from screenings 
conducted at health care sites, such as a YMCA cardiac 
unit, a community health center, a lipid research clinic 
and a family practice center. The high referral compli- 
ance among screened subjects who presented themselves 
to obtain a cholesterol measurement at 1 of these health 
care sites was not due to any physician contact that may 
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FIGURE 6. Confirma- 
tion of hypercholester- 
olemia by physician, 
categorized by screen- 
ing environment. The 
school site group is not 
included in these re- 
sults, because only 8 of 
the 27 interviewed 
from the school site 
screened subjects had 
completed a physician 
visit. 
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have occurred at the time participants were screened, Almost 76% of all referred screened subjects who 
because only those physician contacts that occurred had seen a physician reported that the diagnosis of hy- 
subsequent to the screening visit were included in these percholesterolemia was confirmed (Figure 6). This re- 
tabulations. Figure 5 shows that more women referrals sponse was slightly more likely in the high-risk referrals 
(57%) than men (46%) made physician contact. In each (80%) than in those at moderate risk (69%), with little 
gender, physician contact was more likely in the high- variation among screening sites. Diet modification had 
than in the moderate-risk group. been recommended to 72% (Figure 7) of those who had 
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consulted a physician (75% of high-risk referrals vs 68% 
of those at moderate risk, with the proportion tending to 
be slightly higher in work site screened subjects than in 
others). These data were further analyzed to evaluate 
the relation between the diagnosis of hypercholesterol- 
emia and the prescribing of a diet. Diet modification 
has been recommended to 87% of those with physician- 
confirmed hypercholesterolemia. Among those whose 
physician recommended a diet, 93% reported that the 
diagnosis of hypercholesterolemia had been confirmed. 
Similar values were observed in high- and moderate-risk 
referrals. 

A large proportion of referred screened subjects re- 
ported that they had modified their diet (Figure 8), in- 
cluding 92% of referrals whose physicians had pre- 
scribed a diet and 80% of referrals who had not seen a 
physician. 


DISCUSSION 

The effectiveness of intervention strategies for con- 
trolling hypercholesterolemia in the population is depen- 
dent on properly identifying individuals with high blood 
cholesterol, with the objective of reducing risk for coro- 
nary heart disease through lowering cholesterol. The 
benefit of knowing one’s blood cholesterol level, first ad- 
vocated in 1984 for all American adults by the National 
Institutes of Health Consensus Panel,’ has recently 
been reaffirmed and will serve as the major public edu- 
cation message of the National Cholesterol Education 
Program. Detection strategies include case finding in 
the physician’s office or screening in other health care 
sites, as well as public screening in various environments 
outside the typical medical setting.” 

We present a large-scale blood cholesterol screening 
initiative conducted in a multicenter collaboration in- 
volving several screening environments (11 health care 
sites and 4 typical public sites). Concurrent studies’ of 
the reliability of cholesterol measurements by the ana- 
lytical instrument used in the present study indicated 
that cholesterol values were 0.8 to 3.5% lower in Reflo- 
tron-mea-sured capillary samples than in simultaneously 
obtained venipuncture samples analyzed in Lipid Re- 
search Clinics laboratories certified by the Centers for 
Disease Control. The precision (coefficient of variation), 
based on the difference between measurements of 
sequential fingerstick samples from participants, was 
within 4.3%, sensitivity averaged 94% and specificity 
was 88%. Calculations based on these observed sensitiv- 
ity and specificity values indicate that the proportion of 
referrals will approximate 32% (vs the expected preva- 
lence of 25%), whereas only 2% of those below the cut- 
point (75th percentile) will be false negatives. 

The mean cholesterol values listed in Table II indi- 
cate the expected trend upward with age, and are in 
general agreement with the values obtained from the 
Lipid Research Clinics Prevalence Study.* Data listed 
in Table II also indicate that the age and gender of 
screened subjects may vary among screening environ- 
ments. If the identification of high-risk younger men 
was one of the major objectives of a public screening 
project, results from our study indicate that neither 
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health care nor community sites would be as likely as 
work sites or blood banks to reach men in the 20- to 40- 
year age bracket. 

The proportion of screened subjects in this study 
who were referred for hypercholesterolemia (25%) 
agrees very closely to the level (25%) predicted in the 
National Institutes of Health Consensus Panel recom- 
mendations.’ The high- and moderate-risk groups each 
comprised more than 12% of the total, compared to the 
predicted levels of 10% (high-risk) and 15% (moderate- 
risk). The proportion of women (16%), but not men 
(10%), in the high-risk group was higher than predicted 
(10%), whereas the proportion of men (11%), but not 
women (14%), in the moderate-risk category was lower 
than predicted (15%). 

The follow-up data collected in the present study are 
encouraging in respect to the initial compliance of re- 
ferred screened subjects. More than half of the referrals 
had either visited a physician or scheduled an appoint- 
ment by the time of the follow-up telephone interview. 
In addition, the initial action of their physicians was 
consistent with the National Institutes of Health Con- 
sensus Panel recommendations.* They confirmed the di- 
agnosis of hypercholesterolemia in almost 76% of those 
interviewed and recommended a diet in 72%. The asso- 
ciation of a physician-confirmed diagnosis of hypercho- 
lesterolemia and the prescribing of a diet was very high 
(287%). Although some caution is appropriate in inter- 
preting self-reported follow-up data, it seems notewor- 
thy that a high proportion of referred screened subjects 
who had not consulted a physician indicated that they 
had modified their diet. This response, while encourag- 
ing insofar as it reflects behavioral modification in a 
manner that is consistent with the proper management 
of hypercholesterolemia, is nonetheless of some concern: 
this action was taken without first consulting a physi- 
cian to confirm the diagnosis of hypercholesterolemia. 
This finding and the fact that almost half of referred 
screened subjects had not contacted a physician indicate 
the need to emphasize strongly to referred screened sub- 
jects that a high cholesterol value at screening must be 
confirmed to establish the diagnosis of hypercholesterol- 
emia and that they should seek timely follow-up evalua- 
tion by a physician. 

The National Institutes of Health Consensus Panel? 
indicated a preference for blood cholesterol screening 
conducted in the physician’s office or other health care 
site, until the results of feasibility studies concerning 
public screening were available. Findings from this 
study confirm the feasibility of using a portable, dry- 
chemistry analyzer and capillary blood obtained by fin- 
gerstick to measure blood cholesterol at typical public 
screening sites, as well as in the health care environ- 
ment. Two recent reports have also described public 
screening projects, conducted at a single® or at several’ 
local sites, for measuring blood cholesterol using a dry- 
chemistry analyzer and capillary blood samples. 
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Baylor College of Medicine, Houston, Texas: A. Gotto, 
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MD, J. Bosch; Johns Hopkins Hosital, Baltimore, Maryland: 
P. Kwiterovich, MD, P. Bachorik, PhD, A. Georgopoulos, MD; 
University of Minnesota, Minneapolis, Minnesota: D. Hun- 
ninghake, MD, I. Frantz, MD, K. Kuba, W. Hellerstedt; Okla- 
homa Medical Research Foundation, Oklahoma City, Okla- 
homa: R. Bradford, MD, PhD, K. Davis, G. Evans, B. Atkins; 
University of California at San Diego, La Jolla, California: E. 
Barrett-Connor, MD, K. Khaw, C. Schedit-Nave; Washington 
University School of Medicine, St. Louis, Missouri: G. Schon- 
feld, MD, T. Cole, PhD, A. Goldberg, MD; Stanford Universi- 
ty, Stanford, California: P. Wood, PhD, R. Superko, MD, P. 
Ison, J. Farquhar, MD; University of Washington, Seattle, 
Washington: R. Knopp, MD, R. Warnick, C. Walden, J. Al- 
bers, PhD; and University of North Carolina, Chapel Hill, 
North Carolina (Data Coordinating Center): D. Williams, 
PhD, R. Whaley, PhD, J. Knoke, PhD, S. Irving, R. Thomas, L. 
Edwards. 

Planning Committee: A. Gotto, MD (Chairman), J. Albers, 
PhD, P. Bachorik, PhD, G. Cooper, MD, W. Insull, MD, B. 
Rifkind, MD, A. Tyroler, MD, and D. Williams, PhD. 
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Relation of Silent Myocardial Ischemia 
After Coronary Artery Bypass Grafting 
to Angiographic Completeness of 
Revascularization and Long-Term Prognosis 


Harold L. Kennedy, MD, MPH, Sondra M. Seiler, BA, Michael K. Sprague, 
Sharon M. Homan, PhD, James A. Whitlock, MPH, Morton J. Kern, MD, 
Michel G. Vandormael, MD, Hendrick B. Barner, MD, John E. Codd, MD, 
and Vallee L. Willman, MD, with the technical assistance of Debra Lyyski 


The prevalence and characteristics of silent 
myocardial ischemia as detected by 24-hour 
ambulatory electrocardiography ST-segment 
depression were prospectively assessed in 94 
patients examined early (1 to 3 months) and 184 
patients examined late (12 months) after coronary 
artery bypass grafting (CABG), and followed for a 
mean of 48 + 11 (range 4 to 62) months. The rela- 
tion of ambulatory electrocardiographic silent isch- 
emia to evidence of completeness of revasculariza- 
tion as defined by cardiac angiography performed 
1 and 12 months after CABG, and to prognosis by 
follow-up of adverse clinical events was analyzed. 
Silent ischemia was detected early in 20% (19 of 
94) and late in 27% (50 of 184) of patients, and 
showed a mean frequency of episodes ranging from 
6 to 10 episodes/24 hours with a mean duration 
ranging from 15 to 23 minutes. The circadian dis- 
tribution of episodes disclosed a significant peak of 
ischemic activity during the period of 6 A.M. to 
noon and a secondary peak between 6 P.M. and 
midnight (p <0.01 and p <0.001, respectively). Si- 
lent ischemia was not found by univariate analysis 
to be associated with graft or anastomotic site oc- 
clusions, low graft flow rates, grafted arteries with 
significant distal residual stenoses or ungrafted ste- 
notic native coronary arteries. Kaplan-Meier analy- 
sis of time to cardiac event showed that silent isch- 
emia was not predictive of an adverse clinical event 
in the early years after CABG. Cox regression anal- 
ysis of 30 covariates only disclosed age (relative 
risk 1.06 [95% confidence interval, 1.01 to 2.94)]) 
as having an effect on time to adverse clinical 
event. These data show that ambulatory electrocar- 
diographic-detected silent ischemia during the first 
year after CABG in patients with predominantly 
good left ventricular function is not associated with 
an adverse prognosis. 

(Am J Cardiol 1990;65:14-22) 
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characterized in patients with stable angina pec- 

toris,!? rest and nocturnal angina,’ unstable angi- 
na,* asymptomatic coronary artery disease,’ variant an- 
gina pectoris® and syndrome X.’ Early studies have also 
reported silent myocardial ischemia in patients before 
and after coronary artery bypass grafting (CABG) as 
detected by exercise testing and ambulatory electrocar- 
diography.*"!! 

After CABG, myocardial ischemia may result from 
early or late graft occlusion, low graft blood flow, anas- 
tomotic site stenosis or occlusion, significant distal ste- 
noses of grafted arteries or progressive coronary artery 
disease in ungrafted native vessels. These factors inter- 
act in a continuum after CABG, may or may not cause 
symptoms and are related to prognosis.!>!3 Recent re- 
ports indicate that silent myocardial ischemia detected 
by ambulatory electrocardiography 3 to 5 months after 
CABG is a valid indicator of myocardial ischemia,*“!° is 
associated with incomplete myocardial revasculariza- 
tion! and is a powerful predictor of cardiac events in 
the initial 9 months after surgery.!! 

We report the prevalence and characteristics of si- 
lent ischemia as detected by 24-hour ambulatory elec- 
trocardiographic (ECG) ST-segment depression in 94 
patients examined early (1 to 3 months) and 184 pa- 
tients examined late (12 months) after CABG, and fol- 
lowed for 62 months (mean 48 + 11 months). In addi- 
tion, we analyzed the relation of silent ischemia to angi- 
ographic evidence of completeness of revascularization, 
and the occurrence of adverse clinical events. 


S ilent myocardial ischemia has been described and 


METHODS 

Study population: From April 1983 to July 1985, 
patients aged 21 to 69 years undergoing CABG were 
eligible for enrollment to a double-blind, randomized, 
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placebo-controlled clinical trial assessing the efficacy of 
therapy of dipyridamole and aspirin to prevent graft oc- 
clusion.'4!> Informed consent was obtained to permit 
repeat catheterization and angiography 1 to 3 and 12 
months after CABG. All enrolled patients were ran- 
domized (blinded) to either dipyridamole and aspirin 
therapy or placebo. Clinical follow-up was obtained 1 
month after CABG, thereafter every 3 months to 1986, 
and subsequently every 6 months. Ambulatory ECG 
(24-hour) recordings were obtained in-hospital preoper- 
atively (within 1 week) and 1 month after CABG, and 
out-of-hospital during daily activity 1 to 3, 12 and 24 
months after CABG. After the 12-month repeat cardi- 
ac catheterization, all participants were removed from 
blinded therapy, advised to continue open-label dipyrid- 
amole (225 mg/day) and aspirin (325 mg/day) or aspi- 
rin alone, and followed prospectively. Referral patterns 
precluded obtaining an exercise stress test during the 
initial year after CABG. 

Of 359 eligible patients, 328 (91%) enrolled, and re- 
peat catheterizations were obtained 1 to 3 months after 
CABG (early) in 240 (73%) patients, and at 12 months 
(late) in 224 (68%) patients. Of 240 early patients am- 
bulatory electrocardiography was obtained in-hospital 1 
month after CABG in 180 (75%) patients, and out-of- 
hospital during daily activity 1 to 3 months after CABG 
in 103 (43%) patients. Of the 224 late patients ambula- 
tory electrocardiography was obtained out-of-hospital in 
195 (87%) patients at 12 months. During the trial, in- 
terpretive aspects of ambulatory ECG ischemia showed 
the importance of daily activity on its occurrence,” and 
the persistence of ECG changes after CABG for 1 to 2 
months in some patients was recognized. Therefore, the 
study population was selected to be those patients with 
out-of-hospital ambulatory electrocardiography and 
concurrent cardiac catheterization. These criteria were 
met by 103 early patients and 195 late patients, includ- 
ing 58 patients who underwent both examinations. Fur- 
thermore, 9 early patients and 11 late patients were ex- 
cluded because of the ECG presence of bundle branch 
block, intraventricular conduction defects, cardiac pace- 
maker or technically inadequate recordings. Thus, the 
study groups consisted of 94 early patients and 184 late 
patients. 

Surgery: Surgery was performed using cold blood 
potassium cardioplegia, systemic hypothermia from 25 
to 28°C, topical hypothermia with ice slush and a single 
ischemic interval for all distal anastomoses. The total 
surgeries resulted in 568 distal anastomoses with saphe- 
nous vein and 130 distal anastomoses with internal 
mammary artery or a mean of 3.6 + 1.0 anastomoses/ 
patient. Sequential grafts were usually used for 
branches of the same coronary system and occasionally 
for a secondary branch of a secondary coronary system 
with 2.2 + 0.4 distal anastomoses/graft. “Y” grafts 
were occasionally used with 1.3 + 0.5 distal anasto- 
moses for each limb. Graft flow rates were measured 
using an electromagnetic flowmeter just before closure. 

Ambulatory electrocardiography: Continuous 2- 
channel ambulatory ECG recordings (Del Mar Avion- 
ics 445) were obtained using bipolar leads CS-aVF and 


CM-Vs (95%), or CM-V,; and CM-V; (5%) during dai- 
ly activity.'° All amplitude-modulated recordings were 
calibrated, care was taken to avoid leads with patholog- 
ic Q waves and the effects of body postural change were 
recorded.!6 Diaries of activities, symptoms and ingestion 
of medications during the ambulatory electrocardiogra- 
phy were obtained. Recordings were analyzed on Del 
Mar Avionics (models 9000 and 750) instruments for 
the presence, frequency and duration of ischemic epi- 
sodes as defined by transient depression of =1 mm of J 
point and ST-segment depression 0.08 second after the 
J point from the baseline for =1-minute duration. If 
baseline ECG ST-segment depression was present, the 
criteria required a minimum of an additional 2 mm of J 
point and ST-segment depression from the baseline. 
Episodes of ST-segment change were identified by re- 
turn of the J point and ST-segment to baseline for >2 
minutes. Because of controversy surrounding the signifi- 
cance of transient ST-segment elevation, patients with 
only this finding were excluded. All episodes were iden- 
tified and verified by 2 cardiovascular technicians and a 
cardiologist by examination of trend ST-segment plots, 
beat-by-beat printout of miniaturized full-disclosure 
printouts and standard 25-mm ECG printouts.!6 T- 
wave changes were not used to diagnose ischemia. All 
episodes were quantitated in minutes, correlated to dia- 
ry-indicated sleep, wake activity, and symptoms and 
classified as being “silent” (asymptomatic) or symptom- 
atic. 

Catheterization and angiography: Cardiac catheter- 
ization was performed by either the Judkins or Sones 
technique in a standardized fashion. Angiography al- 
lowed visualization of native coronary and vein graft ar- 
teriograms obtained in multiple varied orthogonal views 
recorded at standardized angles on cineangiographic 
film. If the origin of a vein graft could not be visualized, 
biplane aortic root angiography was performed. Each 
angiogram was reviewed independently by 2 cardiolo- 
gists without knowledge of the patient’s randomization 
or ambulatory ECG findings. The original pre- and 
postoperative angiogram findings were then confirmed 
by simultaneous review of the sequential films project- 
ed side-by-side at magnification on parallel projectors. 
Coronary and graft stenoses were considered significant 
when internal luminal diameter (caliper measured) was 
narrowed >70% compared with the nearest proximal 
normal segment. Stenoses >50% were also recorded. 
Discrepancies were adjudicated by consensus review 
with 2 cardiologists. Myocardial revascularization was 
considered angiographically complete according to the 
following criteria: all proximal sections of major coro- 
nary arteries and branches with significant stenoses 
were grafted, all grafts and anastomotic sites were pat- 
ent and no significant stenoses distal to graft insertions 
were detected by angiography.!° 

Follow-up clinical evaluation: All patients were fol- 
lowed prospectively by clinic visit or telephone contact 
for the occurrence of angina, myocardial infarction, re- 
vascularization (percutaneous coronary angioplasty or 
repeat CABG) and death. Angina was defined as a typ- 
ical history of chest pain accompanied by objective evi- 
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TABLE I Clinical Characteristics of Patients Examined Early (1 to 3 Months) and Late (12 Months) After CABG Surgery With and 
Without Evidence of Silent Ischemia Detected by Ambulatory Electrocardiography 


Early After CABG 


Silent 
Ischemia 
Characteristics (n = 19) 


Age (yrs) 
Sex: M/F 
Diabetes (n) 
Hypertension (n) 
Current smoking (n) 
Prior MI (n) 
Calcium antagonists (n) 
B blockers (n) 
Nitrates (n) 
Antiplatelet therapy (n) 11 
Mean cholesterol (mg/dl) 229 + 371 
Mean triglycerides (mg/dl) 2144991 
Angina before CABG (n) 
Class | to Il 
Class III to IV 
Angina after CABG (n) 
Class | to Il 
Class III to IV 


* p <0.05; t measured before surgery. 
CABG = coronary artery bypass grafting; MI = myocardial infarction. 








No. of 
Total 
Episodes 


Patient Group Episodes /Pt* 








Early after CABG (n = 19) 





Silent 199 10+9 

Symptomatic 2 1+0 
Late after CABG (n = 50) 

Silent 292 6+5 

Symptomatic 2 2+0 


dence of ECG ST-segment changes or radionuclide 
changes. Angina class was established by the Canadian 
classification. Myocardial infarction was defined by 
prolonged chest pain with associated ECG changes and 
elevated cardiac enzymes. The decision for repeat revas- 
cularization was made by the referring physicians, and 
depended on evidence of increasing myocardial isch- 
emia unresponsive to an adequate medical regimen. All 
circumstances of death were verified by direct contact 
with family members and the primary physician. 

Data analysis: Continuous variables were analyzed 
using the paired and unpaired Student ¢ tests. Chi- 
square tests were applied to categorical data. Because 
proximal occlusion of a sequential or Y-branched graft 
usually results in occlusion of all downstream distal 
anastomoses, observations made on distal anastomoses 
in these grafts are not truly independent, and standard 
statistical tests do not apply. Similarly, multiple grafts 
in a patient are not independent. Thus, patency data 
were analyzed 3 ways according to Goldman et al!”: (1) 
by comparison of grafts that were occluded, assuming 
grafts were not independent, (2) by comparison of 
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TABLE Il Characteristics of 24-Hour Ambulatory Electrocardiographic ST-Segment Depression Episodes Detected in 19 Patients 
Early (1 to 3 Months) and 50 Patients Late (12 Months) After CABG 





* Data are mean + standard deviation; t data are mean + standard error of the mean. 
CABG = coronary artery bypass grafting. 


Late After CABG 


No Silent No 
Ischemia Ischemia Ischemia 


222 + 341 
224+ 1111 


238 + 53 
238 + 110 


228 + 43 
234 + 146 


21 15 30 
46 35 91 









Total Ischemic 
Duration 
(minutes) 





Duration /Pt* 
(minutes) 


Duration /Episodet 
(minutes) 


3,055 161 + 171 15-2 
45 22+2 22+2 
8,277 166 + 240 2343 
44 44+0 22+8 


grafts that were occluded, assuming each graft was in- 
dependent and (3) by comparison of the proportion of 
patients with =1 occluded graft. 

To analyze time-to-event data with censored obser- 
vations, life-tables of the survival of early and late 
CABG patients were obtained using the product-limit 
Kaplan-Meier method with Breslow and Mantel-Cox 
statistics to compare the survival equality of patients 
with and without ST-segment depression.'* Further 
analyses of survival data were based on fitting Cox pro- 
portional-hazards regression models (BMDP-2L com- 
puter program)!? to study the influence of several co- 
variates on time-to-event. Covariates included age, sex, 
noninsulin-dependent diabetes, hypertension, current 
smoking, history of prior myocardial infarction, cardiac 
medications, antiplatelet therapy, mean cholesterol and 
triglycerides, angina class, extent of coronary artery dis- 
ease (number of major coronary arteries with >70% 
stenoses), ejection fraction, number of grafts, number of 
anastomotic sites, number of grafts occluded/patient, 
number of anastomotic sites occluded/patient, number 
of grafted arteries with distal stenosis (70 and 50%), 


number of ungrafted native arteries with significant ste- 
nosis (70 and 50%), ventricular wall motion score, New 
York Heart Association class (before CABG), presence 
of ST-segment depression and total ischemic duration 
(<30, 30 to 60 and >60 minutes). Statistical signifi- 
cance was accepted at p <0.05. 


RESULTS 

Clinical characteristics: Ambulatory ECG examina- 
tion of the 94 patients examined early after CABG de- 
tected 19 (20%) patients with transient ST depression, 8 
(9%) patients with transient ST elevation and 67 (71%) 
patients without ST-segment changes. Similarly, of 
184 patients examined late after CABG, 50 (27%) pa- 
tients showed transient ST depression, 13 (7%) patients 
showed transient ST elevation and 121 (66%) patients 
had no ST-segment changes. All patients with ST-seg- 
ment depression were asymptomatic, with the exception 
of 2 patients in the early group, and 1 patient in the late 
group who also had typical angina. 

The clinical characteristics of 86 early and 171 late 
patients with and without silent ischemia detected after 
CABG are listed in Table I. No significant differences 
were found between patients with or without silent isch- 
emia except for the increased use of nitrates in silent 
ischemia patients in the late group. Significantly (p 


Early Post - 
(N 


d R 


Number of Episodes 


1 S A A oe 
AE E pm——1 


Time of Day 


<0.05) reduced angina occurred in all patients after 
CABG, and no differences existed between patients 
with and without silent ischemia (Table I). Antiplatelet 
therapy was equally distributed among patients with 
and without silent ischemia. 

Ambulatory electrocardiography: Ambulatory elec- 
trocardiography in 86 early patients (total 1,880 hours, 
mean 22 + 2 hours) and in 171 late patients (total 
3,680 hours, mean 22 + 2 hours) detected transient ST 
depression in 69 of the 257 (27%) examinations. Char- 
acteristics of the ischemic episodes found in 19 early 
and 50 late patients are listed in Table II. Two of 5 
early patients and 5 of 13 late patients had persistent 
baseline ST-segment depression and episodes of ST-seg- 
ment depression >2 mm over baseline. Analysis of the 
data with or without inclusion of these patients was not 
significantly different, and their findings were included. 
Virtually all episodes (99%) of transient ST-segment 
depression detected were asymptomatic. 

The circadian distribution of the time of occurrence 
of number of episodes and minutes of ischemic duration 
are listed in Figure 1. The frequency of ischemic epi- 
sodes significantly peaked in the morning hours between 
6 A.M. and 12 noon, and a second modal peak was ob- 
served between 6 P.M. and midnight in patients both ear- 
ly and late after CABG (analysis of variance: early, p = 


CABG Group 
= 19) 
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FIGURE 1. Hourly distribution of total number of episodes (A) and total minutes of ST-segment depression (B) detected in 19 
patients examined early (1 to 3 months) and 50 patients examined late (12 months) after coronary artery bypass grafting 


(CABG). 
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TABLE Ill Angiographic and Hemodynamic Characteristics of Patients Examined Early (1 to 3 Months) and Late (12 Months) After 
CABG With and Without Evidence of Silent Ischemia Detected by Ambulatory Electrocardiography 


Early After CABG 


Silent 
Ischemia 


Characteristics (n = 19) 


No. of vessels with >70% stenosis* 


Left main 250% 
No. of grafts 


Mean grafts /pt 

Mean anastomotic sites /pt 
EF before CABGT 

EF after CABG 

No. of patients 

EF 240 

EF <40 

LVEDP (mm Hg) before CABG 
LVEDP (mm Hg) after CABG 


Late After CABG 


No Silent No 
Ischemia Ischemia Ischemia 
(n = 50) 


* Left main disease included as 2-vessel disease, and 2 patients missing in the group late after CABG because of 50% stenosis; t not all patients had EF; t p <0.05; Sp <0.001. 
CABG = coronary artery bypass grafting; EF = ejection fraction; IMA = internal mammary artery implant; LVEDP = left ventricular end diastolic pressure; Seq = sequential vein 


graft; SVG = isolated saphenous vein graft; Y = Y-graft (2 limbs). 


0.018; late, p = 0.001) (Figure 1A). Significant differ- 
ences occurred for frequency of episodes between the 
period of 6 A.M. to 12 noon (early group p <0.05, late 
group p <0.001) and the period of 6 p.m. to midnight 
(early and late group p <0.05). Similarly, total ischemic 
duration also had a peak distribution between 6 A.M. and 
12 noon for both groups, but did not achieve statistical 
significance (Figure 1B). Examining minutes of ST-seg- 
ment depression after awakening showed that the first 
hour of wake activity demonstrated maximal ischemic 
duration compared to any other hour. One quarter of all 
ischemic duration occurred in the initial 3 hours of 
wake activity in both groups (early 847 minutes, late 
1,678 minutes; p <0.01). 

Cardiac catheterization: Cardiac catheterization 
was performed a mean of 1.7 + 0.6 (range 0.8 to 3.8) 
months after CABG in the early group, and a mean of 
12.3 + 1.3 (range 11 to 22) months in the late group. 
Ambulatory electrocardiography was obtained after 
catheterization within 1 week in 67% (early 14, late 
156), within 1 month in 75% (early 21, late 168) and 
within 3 months in 100% (early 86, late 171) of pa- 
tients. Multivessel coronary disease (early 86%, late 
89%) did not significantly differ in patients with or 
without silent ischemia (Table III). Relatively more pa- 
tients with 1 vein graft and fewer patients with 2 vein 
grafts occurred in patients with silent ischemia in the 
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late group (p <0.05). The distribution of grafts, ejection 
fractions or mean ejection fraction and end-diastolic 
pressure before and after CABG failed to show signifi- 
cant differences (Table III). Overall, good left ventricu- 
lar function dominated both patient groups. 

Graft and anastomotic site patency and the number 
of patients with graft or site occlusions revealed no sig- 
nificant differences between patients with and without 
silent ischemia (Table IV). Grafted arteries with residu- 
al distal significant stenosis and ungrafted arteries with 
significant stenoses also failed to show significant differ- 
ences, although the early group did show a greater per- 
cent of ungrafted arteries in patients with silent isch- 
emia (58 vs 36%) (Table IV). The addition of data to 
include >50% stenosis to both groups also failed to dis- 
close any significant differences. Complete revascular- 
ization was unrelated to the absence of silent ischemia 
(Table IV). Moreover, examination of saphenous vein 
and internal mammary artery graft flow rates measured 
at the time of CABG indicated no propensity for low 
bypass graft flow (<40 ml/min) in patients with silent 
ischemia, although it was apparent that the greatest 
percent of graft or anastomotic site occlusions occurred 
at low graft flow rates (p <0.01) (Table V). 

Long-term follow-up: Follow-up data were available 
for 97% (83 of 86) of early patients and 96% (165 of 
171) of late patients. During 62 months (mean 48 + 


TABLE IV Angiographic Graft, Anastomotic Site and Native Vessel Patency in Patients Examined Early (1 to 3 Months) and Late 
(12 Months) After CABG With and Without Evidence of Silent Ischemia Detected by Ambulatory Electrocardiography 


Early After CABG 


Silent 
Ischemia 
(n = 19) 


Graft patency (%)t 
Anastomotic site patency (%)t 


40/42 (95) 
51/57 (89) 


2 (11) 
4(21) 
5/42 (12) 
11 (58) 


Patients with graft occlusions (%)t 
Patients with site occlusions (%)t 
Grafted vessels with >70% distal stenosis (%) 
Patients with >70% stenosis of 
ungrafted vessels (%) 


Patients completely revascularized (%) 6 (32) 


No 
Ischemia 
(n = 67) 


137/145 (94) 

193/207 (93) 
7 (10) 
11 (16) 

17/145 (12) 
24 (36) 


33 (49) 


Late After CABG 


Silent 
Ischemia 
(n = 50) 


98/107 (92) 
130/150 (87) 


10 (20) 
13 (26) 


11/107 (10) 


22 (44) 


19 (38) 


No 
Ischemia 
(n = 121) 


239 /262 (91) 
304/347 (88) 
21 (17) 
30 (25) 
38/262 (15) 
50 (41) 


48 (40) 


t only saphenous vein grafts assumed to be independent. 
CABG = coronary artery bypass grafting. 


TABLE V Saphenous Vein and IMA Graft Flow Rates in Grafts of Patients Examined Early and Late After CABG With and Without 


Evidence of Ambulatory Electrocardiography Silent Ischemia 
Early After CABG 


No Ischemia 
(n = 67) 


Silent Ischemia 
(n = 19) 


Graft Site 
Occlusions Occlusions 


Graft Site 
Occlusions Occlusions 


Vein graft flow 
<40 ml/min 
40-80 ml/min 
>80 ml/min 
Total 

IMA graft flow 
<40 ml/min 
40-80 ml/min 
>80 ml/min 
Total 


1/8 (13) 
1/17 (6) 
0/14 (0) 
2/39 (5) 


2/10 (20) 
4/23 (17) 
0/21 (0) 

6/54 (11) 


4/31 (13) 
2/70 (3) 
2/40 (5) 
8/141 (6) 


4/37 (11) 
6/103 (6) 
5/66 (8) 

15/206 (7) 


0/6 (0) 
0/3 (0) 


0/9 (0) 


0/7 (0) 
0/4 (0) 


0/19 (0) 
0/13 (0) 
0/1 (0) 

0/33 (0) 


0/24 (0) 
0/18 (0) 
0/2 (0) 


0/11 (0) 0/44 (0) 


Late After CABG 


Silent Ischemia 


(n = 50) 


Graft 


Occlusions 


6/28 (21) 


3/48 (6) 
0/26 (0) 


5/102 (5) 


0/18 (0) 
0/5 (0) 
0/1 (0) 
0/24 (0) 


Site 
Occlusions 


7/31 (23) 
10/72 (14) 
3/46 (7) 
20/149 (13) 


0/21 (0) 
0/7 (0) 
0/2 (0) 
0/30 (0) 


No Ischemia 
(n = 121) 


Graft 
Occlusions 


13/53 (25) 
7/142 (5) 
3/67 (4) 

23 /262 (9) 


1/43 (2) 
0/20 (0) 
0/2 (0) 

1/65 (2) 


Site 
Occlusions 


16/65 (25) 
17/177 (10) 
9/104 (9) 
42/346 (12) 


3/51 (6) 
2/32 (6) 
0/2 (0) 

5/85 (6) 


Measurements were obtained in 97% (538 of 556) of all vein grafts and 100% (131 of 131) of internal mammary artery implants. 


CABG = coronary bypass grafting; IMA = internal mammary artery. 
Numbers in parentheses are percent of patients. 


11) of follow-up, 18 early patients and 25 late patients 
sustained a clinical event (Table VI). Chi-square or 
Kaplan-Meier analysis showed no significant differ- 
ences in events between patients with or without silent 
ischemia in either group (Table VI, Figure 2). Breslow 
and Mantel-Cox testing did not reject equality of sur- 
vival (early, p = 0.19 and 0.15, late, p = 0.77 and 0.72). 
Kaplan-Meier analysis of clinical events only during the 
first year after CABG, excluding patients with angina 
as an endpoint or only for patients who demonstrated 
<30, 30 to 60 and >60 minutes of total ischemic dura- 
tion, again showed no association of silent ischemia to 
increased risk of an adverse outcome. Adding patients 
with ST-segment elevation only (early, 8 patients—no 
events; late, 13 patients—1 revascularized, 2 angina) to 
the early and late groups did not influence outcome. To 
exclude selection bias of the early group, the survival of 
the 113 patients examined 1 month during hospitaliza- 
tion and not reexamined as outpatients, was compared 
to the early group. Twenty-one adverse clinical events 





occurred in the former group and Kaplan-Meier surviv- 
al analysis disclosed no difference compared to the early 
group. 

Stepwise Cox regression models were applied to clin- 
ical and angiographic variables of patients examined 
early and late after CABG. For the early group, only 
increased age (regression coefficient = —0.056, p = 
0.03) indicated a mildly positive relation with freedom 
from cardiac events (relative risk 1.06 [95% confidence 
interval, 1.01 to 2.94]). Although ejection fraction was 
not a significant predictor, after age entered the model 
in a stepwise fashion, it approached significance (p = 
0.10). In patients examined late after CABG, no vari- 
able was related independently to outcome. 


DISCUSSION 

Ambulatory electrocardiographic silent ischemia: 
We used ambulatory electrocardiography to assess si- 
lent myocardial ischemia, and found transient ST-seg- 
ment depression in 20% of patients 1 to 3 months and in 
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TABLE VI Clinical Outcome of Patients With and Without 
Silent Ischemia Detected Early and Late After CABG 


Late After CABG 


Early After CABG 


Silent No 
Ischemia Ischemia 
(n=50) (n=121) 


Silent No 
Ischemia Ischemia 
(n=19) (n=67) 


Adverse Clinical 
Event 


Myocardial infarction 
CABG /PTCA 
Cardiac death 
Sudden death 
Angina 

Noncardiac death 


27% of patients 12 months after CABG. These findings 
are consistent with the 15 to 33% prevalence of silent 
ischemia detected by other studies that used 24- to 36- 
hour ambulatory electrocardiography in patients 3 to 5 
months after CABG.*"!! Whereas virtually all episodes 
(99%) of transient ST-segment depression detected in 


Early Post - CABG Group 


oN 
O 


12 18 24 30 36 42 


N= (86) (81) (78) (76) (74) (69) (62) (56) 


Cumulative Proportion Surviving 


30 BO" 42 


Time to Cardiac Event (months) 


< N=(171) (166) (163) (158) (149) (131) (104) (64) 
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the present groups were silent or asymptomatic, symp- 
tomatic angina has been described in 7 to 22% of pa- 
tients examined 3 months after CABG in smaller stud- 
ies.5-10 Characteristics of silent ischemia in this study 
were similar to those previously described for patients 
with chronic stable angina*?°-*? or after CABG.® Fre- 
quency of episodes ranged from a mean of 6 to 10 epi- 
sodes/24 hours, with a mean duration of 15 to 23 min- 
utes. The circadian distribution of episodes of silent 
ischemia disclosed a significant occurrence in the period 
between 6 A.M. and 12 noon and a secondary peak be- 
tween 6 P.M. and midnight (p <0.01 and p <0.001). In- 
creased ischemic duration between 6 A.M. and noon also 
approached statistical significance, and clearly the ini- 
tial hour after awakening harbored the maximum isch- 
emic duration for most patients. These circadian pat- 
terns are consistent with other patients with stable coro- 
nary artery disease.*:23.24 

Relation of silent ischemia to completeness of re- 
vascularization: Relief of angina pectoris and improve- 
ment of exercise capacity often occur after CABG, but 


Silent Ischemia 


FIGURE 2. Kaplan-Meier analysis of time 
to adverse cardiac event (angina, myocar- 
dial infarction, coronary artery bypass 
grafting (CABG) or percutaneous trans- 
luminal coronary angioplasty, and cardiac 
or sudden death) in patients with silent 
ischemia and no ischemia as detected by 
ambulatory electrocardiography in 86 
patients examined early (top) and in 171 
patients examined late (bottom) after 
CABG and followed prospectively. No 
statistical differences were found. N = 
number of patients at follow-up. 


48 54 60 


(39) (12) (0) 


(16) (0) 


. 


do not necessarily correlate with graft patency or 
normalization of electrocardiography on exercise test- 
ing.®:!0-13 Even when graft patency is established as the 
“gold standard”, it is not necessarily indicative of physi- 
ologic relief of transient myocardial ischemia. Ribeiro et 
al,® using regional myocardial perfusion positron tomog- 
raphy and ambulatory electrocardiography, have shown 
that CABG relieves symptoms by 3 different mecha- 
nisms—relief of transient ischemia, perioperative myo- 
cardial infarction and conversion of angina pectoris to 
silent myocardial ischemia. The latter study document- 
ed that 3 of 15 patients lost their angina and had patent 
grafts, but showed reversible transient abnormalities of 
myocardial perfusion and silent ischemia during exer- 
cise testing and ambulatory electrocardiography.® The 
investigators speculated that these abnormalities re- 
sulted from coronary stenoses distal to the graft inser- 
tion, low graft flow rates or abnormal extravascular or 
intravascular resistance distal to the graft.’ Other inves- 
tigators have confirmed transient myocardial ischemia 
and patent grafts in patients after CABG, and have im- 
plicated distal stenotic disease in grafted vessels or other 
ungrafted native vessels.? Rarely, coronary vasospasm 
with ST-segment depression and elevation is invoked as 
the etiologic mechanism after CABG.!° 

We extend and confirm previous data. The present 
study documents an equal graft and anastomotic site 
patency rate in patients with and without silent isch- 
emia both early and late after CABG, and confirms re- 
ports of improved early and late graft patency with anti- 
platelet therapy.!4!517 Examination of significant coro- 
nary stenoses distal to the graft insertion, ungrafted 
stenotic native vessels or low graft flow rates measured 
at the time of surgery were unrelated to silent ischemia 
(Tables IV and V). Adding data relative to the presence 
of >50% stenoses to both study groups also failed to 
show a statistically significant difference between pa- 
tients with and without silent ischemia. 

The dominant etiology of the silent ischemia in the 
present study remains speculative. Whereas other inves- 
tigators have documented that disturbed regional myo- 
cardial perfusion accompanies episodes of transient ST- 
segment depression detected after CABG,® these data 
seem to exclude angiographic definable stenotic vessels 
as the dominant mechanism in the early years after 
CABG. Perhaps presurgical abnormalities of elevated 
coronary vascular resistance or acquired abnormal vaso- 
dilatory coronary flow reserve of the microcirculation 
due to endothelial or prearteriolar abnormalities after 
CABG, or both, account for the silent ischemia.*>-*° 
Egstrup!! demonstrated in 12 of 36 patients examined 
by ambulatory electrocardiography before and after 
CABG that some individuals increased ischemic activity 
(episodes and duration), and were asymptomatic or had 
minimal symptoms. 

Relation of silent ischemia to prognosis: The prog- 
nostic merit of ambulatory ECG silent ischemia 
in coronary artery disease patients has been demon- 


In contrast, during 62 (mean 48 + 11) months of fol- 
low-up we found no association between silent ischemia 
and adverse clinical events. When the analysis was con- 
fined to events only within the initial 12 months of fol- 
low-up, excluding angina, or to patients with varying 
ischemic durations, there continued to be no significant 
relation found. Moreover, the Cox multivariate analysis 
of 30 clinical, angiographic or hemodynamic covariates 
on the time-to-event showed only a minimal increased 
relative risk (1.06) associated with younger age in the 
early group. Reasons for these differing findings are un- 
clear. Certainly, our study differs in that we assessed 
larger groups of patients (86 and 171 vs 36), and our 
patients were consecutively entered (not selected), expe- 
rienced fewer events after CABG and had overall good 
left ventricular function. We used 24-hour (not 36- 
hour) ambulatory electrocardiography.!'! A host of oth- 
er factors, however, including clinical variables analyzed 
by Cox stepwise regression technique, were similar.!! 
These findings are similar to those of Erickssen,?° who 
found (during follow-up of asymptomatic patients with 
and without exercise-induced ST depression) more clini- 
cal events occurring in patients without ST depression. 

Study limitations: Selective factors of the clinical tri- 
al protocol and the entry time period contributed to a 
dominance of good left ventricular function observed in 
the study groups. These observations should only be 
generalized to such patients. Because few adverse clini- 
cal events occurred during follow-up, we calculated a 
power of 90 and 85% (type II error 10 and 15%) to 
detect a difference of 50 and 30% reduction, respective- 
ly, in the survival of patients with silent ischemia in the 
late group.?! However, the low event rate experienced in 
the early group precluded a low type II error. Nonethe- 
less, good ventricular function and antiplatelet therapy 
(now standard practice) may have selected low-risk 
CABG patients, and our study sample may be too small 
to reveal weak differences (10 or 20%) in patients with 
silent ischemia. 

Clinical implications: We confirm that CABG re- 
lieves angina in most patients, but evidence of ambula- 
tory ECG silent ischemia persists in 20 to 30% of pa- 
tients 1 to 3 months and 12 months after CABG. This 
silent ischemia was not significantly associated with in- 
creased bypass graft or anastomotic site occlusion, low 
graft flow rates measured at the time of surgery, distal 
stenotic disease in grafted arteries or the presence of 
other stenotic ungrafted native arteries in the present 
study. Prospective follow-up of CABG patients with rel- 
atively good ventricular function suggests ambulatory 
ECG silent ischemia has little, if any, increased risk of 
an adverse clinical outcome in the early years after 
CABG. 
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Frequency and Significance of Late Evolution 
of Q Waves in Patients with Initial Non-Q-Wave 
Acute Myocardial Infarction 


Robert E. Kleiger, MD, William E. Boden, MD, Kenneth B. Schechtman, PhD, 
Robert S. Gibson, MD, David J. Schwartz, MD, Barbara J. Geiger, RN, 
Robert J. Capone, MD, Robert Roberts, MD, and the 
Diltiazem Reinfarction Study Group 


Serial 12-lead electrocardiogram and plasma 
creatine kinase (CK)-MB values from 544 patients 
with confirmed non-Q-wave acute myocardial in- 
farction (AMI) were analyzed to define the rate of 
progression of non-Q-wave AMI to Q-wave AMI 
and to examine its relation to CK-MB evidence of 
extension. The baseline electrocardiogram was ob- 
tained 50 + 10 hours after AMI and compared with 
subsequent electrocardiograms at 48 and 72 hours 
after baseline record and at discharge. Plasma CK- 
MB was assayed every 12 hours after baseline. A 
total of 76 patients (14%) progressed to Q-wave 
AMI. Compared to the 468 patients who retained 
non-Q-wave AMI, those patients who evolved Q- 
wave AMI were more likely to exhibit ST elevation 
21.0 mm in 22 infarct-related leads (49 vs 32%, p 
<0.005), higher peak CK values with the index 
AMI (754 + 625 vs 611 + 604 IU; p = 0.0018) 
and a greater incidence of CK-MB-confirmed ex- 
tensions (18.5 vs 5.5%, p <0.0001). For those pa- 
tients progressing to Q-wave AMI within 48 hours 
of baseline electrocardiogram, CK-MB extension 
occurred in 9.5% (4 of 42) versus 29.4% (10 of 
34) of those who progressed after 48 hours (p = 
0.0262). A distinct minority (14%) of patients with 
non-Q-wave AMI will develop Q waves before dis- 
charge. The progression to Q-wave AMI after ini- 
tial non-Q-wave AMI appears to involve 2 different 
mechanisms: temporal lag in the electrocardio- 
gram, and actual extension by quantitative CK-MB 
criteria. 

(Am J Cardiol 1990;65:23-27) 
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prognostic differences between Q-wave and 
non-Q-wave acute myocardial infarction 
(AMI) patients have emerged.'~’ Compared to patients 
with Q-wave infarction, patients with non-Q-wave AMI 
have smaller infarct size, better residual left ventricular 
function and lower in-hospital mortality.8-!! Long-term 
survival after non-Q-wave AMI, however, appears to be 
similar to or even less than that in patients with Q-wave 
AMI.>:!!,12:15 Several investigators have shown that the 
incidence of angina after infarction,!?-!4 the rate of re- 
current infarction'*!9 and possibly the risk of sudden 
death’ are higher after an initial non-Q-wave AMI. 
This suggests that non-Q-wave AMI events represent 
incomplete infarction and may be a harbinger of greater 
clinical instability caused by the presence of a larger 
residual mass of viable but jeopardized myocardium 
within the perfusion zone of the infarct-related ves- 
se], 11.15.19 
We used the extensive clinical and laboratory infor- 
mation from a large cohort of patients with isoenzyme- 
confirmed non-Q-wave AMI contained in the database 
created for the Diltiazem Reinfarction Study. Our cur- 
rent objective was to examine prospectively the sequen- 
tial electrocardiograms of 576 randomized patients to 
determine the proportion of non-Q-wave AMI patients 
who evolved Q-wave AMI before hospital discharge; to 
assess the time course of such Q-wave development; to 
correlate the clinical, enzymatic and outcome differ- 
ences between subgroups of non-Q-wave AMI patients 
who did or did not develop Q-wave AMI during hospi- 
talization; and to determine the mechanism or mecha- 
nisms for late development of Q waves. We expected 
that the 2 major mechanisms would be reinfarction with 
development of new Q waves and temporal delay be- 
tween the initial pathologic event and the electrocardio- 
graphic development of Q waves, which we have called 
“electrocardiographic lag.” 


D uring the last decade, important clinical and 


METHODS 

The Diltiazem Reinfarction Study database, which 
was developed from 1982 to 1985, contains information 
on 576 consenting patients with creatine kinase (CK)- 
MB-confirmed non-Q-wave AMI who were random- 
ly assigned to receive treatment with either diltiazem 
(287) or placebo (289) in addition to standard medical 
therapy. Each patient satisfied inclusion and exclusion 
criteria, and began receiving study medication 53 + 14 
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TABLE I Clinical Findings in the 544 Patients 


Development 
of Q Waves 
(n = 76) 


NQMI only 
(n = 468) 


604 + 676 
61+ 10 
150/468 (32) 
241 /468 (52) 
272/468 (58) 


p Value 


754+ 579 0.0193 
60+9 NS 

37 /76 (40) 0.037 

46/76 (61) NS 

39/76 (51) NS 


NOMI = non-Q-wave myocardial infarction; NS = not significant. 


Peak creatine kinase 
Age (yrs) 

ST elevation (%) 

ST depression (%) 
T-wave inversion (%) 


hours (range 24 to 72) after the onset of AMI. Com- 
plete details of the organization and conduct of the trial, 
as well as baseline characteristics of patients according 
to treatment group assignment, have been reported.?° 

Clinical and laboratory evaluation: After random- 
ization, the following evaluations were performed: (1) 
daily clinical evaluation by the investigator; (2) 12-lead 
electrocardiogram on enrollment and daily for the first 
5 days, followed by every other day thereafter until 14 
days or hospital discharge; (3) electrocardiogram at the 
time of recurrent pain and for a minimum of 3 consecu- 
tive days if reinfarction was suspected; and (4) serial 
blood samples for analysis of total and CK-MB activity. 
All protocol samples were forwarded to the CK core 
laboratory for quantitative analysis of plasma CK-MB 
activity by the batch adsorption glass bead method.?!:22 
Sampling times consisted of an initial sample at the 
time of randomization, followed by samples drawn ev- 
ery 12 hours thereafter throughout the 14-day study. 
Additional samples were obtained at least every 8 hours 
for the subsequent 72 hours in patients in whom re- 
infarction was suspected. 

The primary endpoint of the Diltiazem Research 
Study% was reinfarction during the 14-day study peri- 
od. This was defined as an increase of 250% in plasma 
CK-MB activity above baseline (mean of 2 preceding 
samples) in 22 samples separated by a minimum of 6 
hours within a 24-hour interval, with an absolute value 
of 214 IU/liter in at least 1 sample. Based on previous 
studies with this assay, the normal range of plasma CK- 
MB is 0 to 13 IU/liter.? 

Treatment regimen: The treatment regimen for 
study and placebo patients has been described.*? Other 
than study drugs, therapy was conventional except con- 
current treatment with calcium antagonists was prohib- 
ited. 

Electrocardiographic analyses: Four sequential 
electrocardiograms from each of the 576 randomized 
patients were analyzed by 5 blinded investigators, who 
entered these data on forms for subsequent computer 
analysis. Serial tracings at entry into the trial (pre- 
study), on study day 2, study day 3 and predischarge 
were analyzed. A total of 2,263 electrocardiograms 
were available for review. The mean time of the pre- 
study electrocardiogram was 50 + 10 hours after onset 
of AMI, and for the predischarge electrocardiogram 
was 11.0 + 3.5 days. The predischarge tracing was 
available after day 3 for 93% (535 of 576) of patients. 

Patients included in the study were defined electro- 
cardiographically by the absence of abnormal Q waves 
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(i.e., 20.03 seconds in duration in 2 leads within a given 
lead group or the absence of R waves 20.04 second in 
lead V, and an R:S ratio 21 in lead V>). Thirty-two 
patients had pathologic Q or R waves on entry to the 
study and these patients were censored from this analy- 
sis. 

Acute ST-segment displacement or T-wave inver- 
sions were not prerequisites for entry in the study. Sig- 
nificant ST-segment shifts were defined as the presence 
of =1 mm of ST-segment elevation, depression or T- 
wave inversion (or, in the presence of left ventricular 
hypertrophy, =2 mm of ST-segment depression) in 22 
leads within a given non-Q-wave AMI location: anterior 
= V-V lateral = I, aVL, V;—V¢; inferior = II, III, 
aVF. Electrocardiographic localization of non-Q-wave 
AMI (or progression to Q-wave AMI) required that in- 
dicative changes be observed in =2 leads within an in- 
farct location. 

Definition of outcome variables: In addition to the 
primary endpoint of enzymatic reinfarction during the 
14-day treatment period, a variety of other outcome ~ 
variables were analyzed, including the development of 
Q-waves, postinfarction angina, angina with electrocar- 
diographic changes and mortality. To assess more care- 
fully the relation between diltiazem treatment assign- 
ment and the development of Q waves, matched pairs 
were defined in the following way: each patient who de- 
veloped pathologic Q waves was matched with a patient 
who did not. The matching process was designed to en- 
sure that both members of every pair experienced CK- 
MB reinfarction (11) or both members did not reinfarct 
(62); and the members of each pair had similar peak 
CK values. The total number of matched pairs was 73 
because adequate matches could not be found for 3 of 
the 76 patients who developed Q waves. The patients in 
these matched pairs were analyzed according to a vari- 
ety of selected clinical and laboratory outcome ‘variables 
including age, sex, obesity, smoking history, prior myo- 
cardial infarction, Killip class, use of concomitant 6 
blocker and nitrate therapy, the presence of associated 
ST-segment elevation or depression or T-wave inver- 
sion, or both, postinfarction angina with and without 
electrocardiogram changes and left ventricular hyper- 
trophy by electrocardiogram. 

Statistics: All data were analyzed using the Wash- 
ington University IBM mainframe computer system. 
Results are expressed as mean + standard deviation. 
Because of the skewed nature of the variable, all analy- 
ses that involved peak CK were performed after loga- 
rithmic transformation. Moreover, to ensure compara- 
bility of all CK measurements, adjustments were made 
in the raw CK values. These adjustments accounted for 
the varying definitions of maximum normal CK among 
the participants in the Diltiazem Reinfarction Study. 
The means of continuous variables were compared us- 
ing ¢ tests, whereas all 2 X 2 contingency tables were 
analyzed using chi-square tests. The relation between 
progression to Q-wave AMI and diltiazem was assesed 
through the use of matched pairs. Each patient who 
progressed to Q-wave AMI was paired with 1 patient 
who did not. The matching was accomplished in a fash- 
ion that ensured that both members of each pair were 


TABLE II Baseline Electrocardiographic Findings for the 76 Patients Who Developed Q Waves 
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A = anterior; AL = anterolateral; | = inferior; IL = inferolateral; IP = inferoposterior; L = lateral; P = posterior; TC = total no. of patients with ST and /or T abnormalities (total 


changes). 


concordant with respect to the presence or absence of 
extension and the magnitude of peak CK. Because of 
this pairing, contingency table analyses that compared 
progression to Q-wave AMI with the use of diltiazem or 
with any other dichotomous variable were automatically 
adjusted for both extension and peak CK. Because the 

- data were paired, McNemars test”? was used to analyze 
the contingency tables. 


RESULTS 
Table I lists the electrocardiographic, clinical and 
demographic findings in the 544 patients with non-Q- 
wave AMI. Seventy-six of the 544 patients (14%) 
' evolved Q-wave AMI subsequent to the qualifying elec- 
trocardiogram based on a review of serial tracings. 
Table I also compares electrocardiographic, demo- 
graphic and clinical variables found on presentation of 
the 76 patients who developed Q waves and the 468 
patients who did not. Patients who developed Q waves 
had significantly higher CK levels (754 vs 604 IU, p 
<0.001), and significantly more ST elevation on presen- 
tation (48.7 vs 32.1%, p = 0.037). No significant be- 
tween-group difference was found in age, presence of T 
inversion or ST depression. 
Although ST elevation was significantly increased in 
` patients who developed Q waves (p = 0.037), 51% in 
à this group did not exhibit ST elevation. Conversely, 
nearly a third of patients who did not develop Q waves 
had ST elevation. Thus, ST elevation was neither sensi- 
tive (49%) nor specific (20%) for the development of Q 
waves, and accordingly, the predictive value was low. 
Table II lists the location of the Q waves in the 76 
patients who developed Q waves after randomization to 
study and tabulates the electrocardiographic findings 
they had at presentation before they developed Q waves. 
There was a total of 20 anterior infarcts (19 anterior in 
a single location and 1 anterolateral); a total of 8 lateral 
infarcts (6 lateral, 1 anterolateral and 1 inferolateral); a 
total of 30 inferior (26 inferior, 1 inferolateral and 3 
inferoposterior); and a total of 23 posterior (20 posterior 
and 3 inferoposterior). Thus, the numerical sum of ante- 
rior, inferior and posterior infarcts was 81 because Q 
waves in 5 patients developed in 2 locations. From the 
tabulation of changes it can be seen that 19 of 20 pa- 
* tients who developed anterior Q waves presented with 
anterior ST or T-wave abnormalities, or both. More 
than half of these patients had changes in the lateral 
leads, predominantly ST depression and T inversion. 





Only a quarter had inferior abnormalities. The inferior 
ST elevation and T inversion changes were not recipro- 
cal in nature. 

Of the 8 lateral infarcts, 6 had ST-segment or T 
abnormalities in the lateral leads, predominantly ST de- 
pression, T inversion, or both. The same number had 
such changes in the anterior leads as well, but only 3 
had inferior changes and 1 of these developed Q waves 
inferiorly as well as laterally. 

The 30 patients who developed inferior Q waves 
showed an interesting pattern. Two-thirds had changes 
in the inferior leads, mostly ST elevation and T inver- 
sion but 21 also had changes in the lateral leads, pre- 
dominantly ST depression and T inversion, which may 
have been reciprocal. Sixteen of the 30 had anterior 
changes that were evenly divided between ST elevation 
and ST depression. 

Of the 23 patients who developed pathologic R 
waves (posterior infarction) 14 (61%) had anterior ST 
depression. About half of these patients also presented 
with either lateral or inferior changes, or both. It can be 
seen from this summary that posterior infarcts were 
characterized by a much higher proportion of patients 
with anterior ST depression than were anterior infarcts 
(14 of 23 vs 6 of 20). Irrespective of where Q waves or 
pathologic R waves developed, abnormalities of ST seg- 
ments and T waves were found in other lead areas. 
Most of these changes were not reciprocal in nature be- 
cause marked ST elevation was not a prominent feature 
of our patient population because initial Q-wave in- 
farcts were excluded. 

Development of Q waves and extension by creatine 
kinase analysis: Of the 76 patients who developed Q 
waves only 14 (18%) also had infarct extensions estab- 
lished by secondary increases in CK-MB. Seven of the 
patients (50%) developed Q waves and enzymatic exten- 
sion within 48 hours of each other. In 3 patients, the Q- 
wave and CK-MB-confirmed determined extension oc- 
curred more than 48 hours apart, and in the remaining 
6, data were insufficient to correlate the 2 events. The 
late development of Q waves had a significantly higher 
association with CK extension, but even in those pa- 
tients who developed late Q waves (study day 3 or lat- 
er), the majority did not exhibit CK-confirmed exten- 
sions. These data show a significantly higher rate of iso- 
enzyme-confirmed extension in the group that evolved 
Q waves (14 of 176 = 18.4%) compared to the non-Q 
group who did not (28 of 468 = 5.6%, p = 0.008). 
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To assess more carefully the relation between diltia- 
zem and progression to Q-wave AMI in the 76 study 
patients who evolved Q waves, each patient who pro- 
gressed to Q-wave AMI was paired with 1 patient who 
did not progress according to the presence or absence of 
extension and similar peak CK data on the index infarc- 
tion. This produced 11 matched pairs of patients who 
extended (peak CK of 428 + 192 IU in the Q-wave 
progression subgroup vs 418 + 197 IU in the Q-wave 
non-progression subgroup), and 62 pairs of patients who 
did not extend (peak CK of 789 + 557 IU in the Q- 
wave progression subgroup vs 789 + 557 IU in the non- 
progression subgroup). Because this pairing produced 
similarity between groups who did and did not exhibit 
extension by quantitative CK-MB criteria, all of the 
analyses were automatically statistically adjusted for 
the 2 variables. Although diltiazem significantly re- 
duced infarct extension, McNemars test indicated that 
diltiazem did not prevent progression to Q-wave myo- 
cardial infarction. A similar analysis of the 73 matched 
pairs showed no relation between progression to Q-wave 
AMI and gender, Killip class, obesity, use of 8 blockers 
or nitrates, presence of ST-segment depression or T- 
wave inversion, left ventricular hypertrophy, angina as- 
sociated with electrocardiographic changes, smoking 
history or presence of previous infarction. However, 
there was a clear association between progression to Q- 
wave AMI and the presence of initial S-T segment ele- 
vation (p = 0.037), but the predictive value of ST eleva- 
tion by Q-wave development was quite low. Although 
ST depression was not associated with a higher rate of 
development of Q waves for the study group as a whole, 
marked horizontal ST depression with upright T waves 
in the “anterior” (precordial) leads V; to V4 preceded 
the development of pathologic R-waves (posterior in- 
farction) in >60% of these patients. 


DISCUSSION 

Of the 76 patients who developed pathologic Q 
waves after randomization, approximately 75% devel- 
oped abnormal Q waves within the first 3 study days. 
The remaining 25% of patients developed late Q waves 
that were discernible only on review of the predischarge 
electrocardiogram (9 to 11 days after randomization). 
Additionally, patients who developed Q waves had sig- 
nificantly increased peak log CK levels. These patients 
also had a higher proportion of posterior infarctions 
than expected, probably reflecting a bias to exclude pa- 
tients from randomization if they had marked ST eleva- 
tion (even if Q waves were absent), but not patients 
with marked ST depression in the right-sided precordial 
leads who were judged initially to have “anterior” non- 
Q-wave myocardial infarction.24 Most patients who de- 
veloped Q waves after randomization had no evidence 
of reinfarction by enzyme determinations, but the later 
the Q waves developed the more likely enzymatic exten- 
sion had occurred. Only 4 of the 42 patients who had Q 
waves by study day 2 had CK-MB-confirmed exten- 
sions, whereas 10 of the 34 patients who developed Q 
waves after day 3 exhibited extension. 
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Several reports have stressed the importance of dif- 
ferentiating non-Q-wave from Q-wave AMI. The for- 
mer tends to exhibit smaller CK and CK-MB release, a 
lower incidence of totally occluded infarct-related coro- 
nary arteries despite equally severe coronary disease, 
higher reinfarction rates and poor long-term prognoses 
and pathologically is more often nontransmural in ex- 
tent.4-?:!3.15,18 Few of these studies, however, deal with 
the electrocardiographic difficulties of differentiating 
the 2 infarct subtypes. Most studies have used the initial 
second or third 12-lead electrocardiogram (obtained 
only within the first 24 to 72 hours) to make the differ- 
entiation. Among the problems that have not been 
clearly defined are posterior infarctions in which patho- 
logic R waves rather than Q waves develop, “electrocar- 
diographic lag” in which the Q waves may evolve more 
slowly after the initial event and reinfarction (or exten- 
sion) resulting in new electrocardiographic Q waves. 
The problem of “lag” is particularly important because 
all infarctions, whether Q- or non-Q-wave, presumably 
start without Q-waves. 

Our study, which randomized a large number of pa- 
tients with CK-MB-confirmed non-Q-wave AMI, ad- 
dressed these problems. Randomization occurred at a 
mean of 50 hours after onset of chest pain, at which 
time Q waves were not present. Thus, the late develop- 
ment of Q waves or pathologic R waves could be as- 
sessed. Because plasma CK and CK-MB samples were 
measured every 12 hours for up to 14 days, the associa- 
tion between isoenzyme-defined extension and the de- 
velopment of Q waves could be rigorously determined. 
Review of all entrance electrocardiograms by 5 quali- 
fied electrocardiographers enabled the determination of 
the false randomization rate (i.e., that fraction of pa- 
tients erroneously called non-Q-wave at entrance into 
study). There were 32 such misrandomizations, many of 
which were early albeit unrecognized posterior infarcts. 
The difficulty in assessing the early electrocardiograph- 
ic findings during acute posterior infarction, as assessed 
from the Diltiazem Reinfarction Study database, has — 
recently been reported.”4 

Clinical implications: We emphasize some of the dif- 
ficulties in the electrocardiographic differentiation of Q- 
wave from non-Q-wave AMI. Early posterior infarc- 
tions are often misidentified as “anterior” non-Q-wave 
AMI, because of precordial ST-segment depression.*4 
Our data indicate that Q waves often develop >72 
hours after myocardial infarction; indeed, in about 25% 
of cases, they develop only by the predischarge tracing. 
As shown by our study, enzymatic reinfarction may 
“convert” a non-Q- to a Q-wave infarction in a minority 
of cases. Patients who do develop Q-wave AMI after 
non-Q-wave infarction have higher enzymatic levels at 
entry. We, however, found no demographic or electro- 
cardiographic criteria that permitted further prediction 
of Q-wave development. Although ST-segment eleva- 
tion was significantly associated with Q-wave develop- 
ment, its predictive value was quite low. T-wave inver- 
sion and ST depression did not predict development of — 
Q-wave AMI, irrespective of the magnitude of change. 
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Despite the fact that patients who developed Q waves at 
study day 3 (i.e., day 6 after AMI) or later were more 
likely to have CK-MB-confirmed extension, most pa- 
tients with late development of Q waves did not have 
extensions; thus, electrocardiographic lag rather than 
extension is the most common cause of late development 
of Q waves. We conclude that better separation of Q- 
wave from non-Q-wave AMI can be made by analysis 
of multiple electrocardiograms obtained throughout the 
patient’s hospitalization. 
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Detection of Restenosis After Elective 
Percutaneous Transluminal Coronary 
Angioplasty Using the Exercise Treadmill Test 


James R. Bengtson, MD, MPH, Daniel B. Mark, MD, MPH, Michael B. Honan, MD, 
David S. Rendall, PA-C, Tomoaki Hinohara, MD, Richard S. Stack, MD, 
Mark A. Hlatky, MD, Robert M. Califf, MD, Kerry L. Lee, PhD, 
and David B. Pryor, MD 


To determine the value of a 6-month exercise 
treadmill test for detecting restenosis after elective 
percutaneous transluminal coronary angioplasty 

(PTCA), 303 consecutive patients with successful 
PTCA and without a recent myocardial infarction 
were studied. Among the 228 patients without in- 
terval cardiac events, early repeat revascularization 
or contraindications to treadmill testing, 209 (92%) 
underwent follow-up angiography, and 200 also 
had a follow-up treadmill test and formed the study 
population. Restenosis (>75% luminal diameter 
stenosis) occurred in 50 patients (25%). Five 
variables were individually associated with a higher 
risk of restenosis: recurrent angina (p = 0.0002), 
exercise-induced angina (p = 0.0001), a positive 
treadmill test (p = 0.008), more exercise ST devi- 
ation (p = 0.04) and a lower maximum exercise 
heart rate (p = 0.05). However, only exercise- 
induced angina (p = 0.002), recurrent angina (p = 
0.01) and a positive treadmill test (p = 0.04) were 
independent predictors of restenosis. Using these 3 
variables, patient subsets could be identified with 
restenosis rates ranging from 11 to 83%. The ex- 
ercise treadmill test added independent information 
to symptom status about the risk of restenosis af- 
ter elective PTCA. Nevertheless, 20% of patients 
with restenosis had neither recurrent angina nor 
exercise-induced ischemia at follow-up. For more 
accurate detection of restenosis, the exercise tread- 
mill test must be supplemented by a more definitive 
test. 

(Am J Cardiol 1990;65:28-34) 


From the Division of Cardiology, Department of Medicine, and the 


Division of Biometry, Department of Community and Family Medi- 
cine, Duke University Medical Center, Durham, North Carolina. This 
study was supported in part by research grants HS-05635 and HS- 
04873 from the National Center for Health Services Research; research 
grants HL-17670 and HL-36587 from the National Heart, Lung, and 
Blood Institute, Bethesda, Maryland; and grants from the Andrew W. 
Mellon Foundation, New York, New York; and the Robert Wood 
Johnson Foundation, Princeton, New Jersey. Manuscript received De- 
cember 28, 1988; revised manuscript received June 20, 1989, and ac- 
cepted August 25. 

Address for reprints: James R. Bengtson, MD, MPH, Box 3254, 
Duke University Medical Center, Durham, North Carolina 27710. 


28 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


angioplasty (PTCA) was performed in 1977,! it 

has been used as an alternative to bypass graft 
surgery or medical therapy for many patients with coro- 
nary artery disease.” Unfortunately, restenosis after an 
initially successful PTCA remains a significant prob- 
lem, occurring in 12 to 40% of patients within the first 6 
months after the procedure.*-!° Coronary angiography 
has been used to detect restenosis and to aid decision 
making about the need for further intervention. Serial 
angiograms, however, are time-consuming, costly and 
associated with risk. Several studies have examined the 
value of noninvasive testing, including thallium-201 im- 
aging!!-!4 and exercise radionuclide ventriculography,!° 
for detecting restenosis after successful PTCA. These 
tests are more expensive and less readily available than 
standard treadmill exercise testing. Thus, it would be 
helpful to know whether clinicians can rely on a stan- 
dard treadmill test, in addition to clinical symptoms, to 
follow patients after successful PTCA. The accuracy of 
the test in this setting, however, remains incompletely 
defined. In addition, no previous evaluation of noninva- 
sive testing for restenosis has had more than a 75% rate 
of follow-up angiography. This study examines the val- 
ue of the exercise treadmill test for detecting restenosis 
in a large consecutive population of patients with suc- 
cessful elective PTCA and a high rate of angiographic ` 
follow-up. 


s ince the first percutaneous transluminal coronary 


METHODS 

Patient population: We identified 325 consecutive 
patients without a recent (<6 weeks) myocardial infarc- 
tion who underwent an elective PTCA for native coro- 
nary artery disease (stenosis 275%) at Duke University 
Medical Center during a 1-year period (April 1986 to 
April 1987). Of these, 303 (93%) had a successful pro- 
cedure and were considered potentially eligible for the 
Duke PTCA restenosis follow-up protocol, involving a 
repeat coronary angiogram and an exercise treadmill 
test approximately 6 months after PTCA (Figure 1). 
Thirty-two patients did not have follow-up angiography: 
3 died (2 from cardiovascular causes and 1 by suicide), 
9 had medical contraindications to repeat angiography 
(cerebrovascular disease in 4, renal failure in 3, severe 
congestive heart failure in 1 and anticoagulation in 1), 
13 refused the test (or the referring physician refused), 
4 lived out of state and 3 could not be contacted. Thus, 
271 eligible patients (89%) had a repeat angiogram. In 


32 patients, interim clinical events obviated the rele- 
vance of detecting restenosis by exercise testing: 5 pa- 
tients had interval myocardial infarctions and 27 under- 
went repeat revascularization procedures (18 PTCA, 9 
coronary artery bypass surgery) after returning with re- 
current symptoms before scheduled follow-up. Thirty 
additional patients were deemed ineligible for exercise 
testing because of unstable angina at the time of follow- 
up. Among the 209 remaining eligible patients, 200 
(96%) had both follow-up catheterization and an exer- 
cise treadmill test and formed the final study popula- 
tion. 

Data collection and information system: The com- 
puterized medical information system used in this study 
has been described in detail.!6-!8 Before both PTCA 
and follow-up catheterization, each patient had a cardi- 
ac history, physical examination and a resting 12-lead 
electrocardiogram. Baseline risk factors for coronary ar- 
tery disease were defined as described previously!%: hy- 
pertension was a current systolic blood pressure >140 
-~ mm Hg or a history of hypertension; hyperlipidemia 
was the presence of a fasting serum cholesterol level 
2250 mg/dl or a history of hyperlipidemia; a family 
history was considered present if first-degree relatives 
had coronary artery disease before age 60. Symptoms at 
the time of follow-up were classified as follows: (1) 
asymptomatic or nonanginal discomfort, defined as dis- 
comfort that clearly has a noncardiac etiology; (2) atyp- 
ical angina, defined as discomfort that could not be 
clearly classified as either typical or nonanginal; and (3) 
typical angina, defined as discomfort reproducibly pre- 
cipitated by increased cardiac workload, located appro- 
priately, visceral in quality and relieved promptly after 
removal of the precipitating factors or after use of nitro- 
glycerin.2? Angina severity was assessed according to 
the Canadian Cardiovascular Society criteria.?! 

Angioplasty and follow-up coronary angiography: 
PTCA was performed using an 8Fr thin wall guiding 
catheter and a low-profile balloon catheter. Successful 
PTCA was defined as a reduction in coronary luminal 
diameter stenosis immediately after PTCA to <50% of 
luminal diameter, as determined visually by consensus 
of 22 experienced angiographers. Patients were rou- 
tinely given heparin intravenously at the start of the 
PTCA procedure, and received aspirin (325 mg/day), 
dipyridamole (75 mg 3 times a day) and a calcium an- 
tagonist from the time of PTCA until follow-up.° 

Follow-up coronary angiography was performed on 
an outpatient basis using the Judkins technique with 
SFr or 6Fr catheters. The luminal diameter stenosis at 
the site of the previously successful PTCA was graded 
on an ordinal scale (0, <25, 25, 50, 75, 95 or 100%) for 
each patient by at least 2 angiographers, as described 
and validated previously.'’?2 Angiographic restenosis 
was defined as the presence of a >75% luminal diame- 
ter narrowing at the PTCA site.>5 When angioplasty 
was performed on >1 artery (n = 20), restenosis was 
defined as recurrence of a >75% luminal narrowing in 


æ >] of the vessels. 


Treadmill testing: Standard Bruce protocol exercise 
treadmill tests*:74 were performed on the same day as 





the catheterization in all but 6 cases, and within 2 days 
in all patients. Patients receiving 6-adrenergic blocking 
drugs were instructed to taper the doses so that no such 
drugs were being taken 2 days before testing. Exercise 
was continued until the target heart rate was achieved, 
or until the development of limiting symptoms (angi- 
na, dyspnea, fatigue or claudication), abnormalities of 
rhythm (ventricular tachycardia or frequent couplets) 
or marked and progressive ST-segment displacement 
(20.20 mV in the presence of typical angina or in the 
first stage of exercise). 

All test results were reviewed by one of the investi- 
gators independently of the clinical data and blinded to 
the outcome assessment. Any ST-segment deviation 
=0.10 mV relative to the baseline that occurred during 
or after exercise in 3 consecutive beats and that was 
horizontal or sloping away from the baseline at 0.08 
second after the J point was measured to the nearest 
0.05 mV using a calibrated grid. Each test was classi- 
fied according to standardized criteria”4 into one of the 
following interpretations: (1) positive, if the ST segment 
was horizontal or downsloping and was depressed 20.10 
mV from the resting electrocardiographic baseline at 
0.08 second after the J point, or the ST segment was 
elevated 20.10 mV from the resting baseline in leads 
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(18 PTCA, 9 CABG) 

30 Unstable Angina At 

6-Month Follow-up 


209 Eligible For Follow-up 
Treadmill Test 


9 Without Follow-up 
Treadmill Test 


200 With Follow-up Angiography 
and Treadmill Test 


FIGURE 1. Derivation of final study population from 325 
consecutive elective coronary angioplasty procedures at Duke 
over a 1-year period. CABG = coronary artery bypass graft 
surgery; PTCA = percutaneous transluminal coronary 
angioplasty. 
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Male sex 
Hypertension 
Diabetes mellitus 
Family history 
of premature 
heart disease 
Smoking history 
Hyperlipidemia 
History of 
myocardial 
infarction 


Age (yrs)* 


Restenosis 
(n = 50) % 


Angioplasty artery 
LAD 
LAD/LCX 
LCX 
LCX/RCA 
RCA 
LAD/RCA 
Number of diseased vessels 


Ejection fraction* 


* Data shown are medians (25th to 75th percentile). 
LAD = left anterior descending; LCX = left circumflex; RCA = right coronary artery. 


without Q waves; (2) negative adequate, if the patient 
reached 85% of the maximal predicted heart rate with- 
out significant ST-segment changes; (3) negative inade- 
quate or indeterminate, if there were no significant ST- 
segment changes, but the patient failed to reach the pre- 
dicted target heart rate, or if ST elevation occurred only 
in leads with pathologic Q waves; and (4) uninterpret- 
able, in the presence of left bundle branch block or an 
artificially paced rhythm. 

A previously derived treadmill angina index** was 
used to describe exercise-induced symptoms; this index 
was assigned a value of 0 if angina was absent during 
exercise, 1 if angina occurred during exercise and 2 if 
angina was the reason the patient stopped exercising. 

Data analysis: Continuous variables were summa- 
rized with medians and quartile ranges (25th to 75th 
percentile). Patient groups were compared with respect 
to continuous variables using Kruskal-Wallis nonpara- 
metric analysis of variance, and discrete variables using 
chi-square analysis. Univariate and multivariate rela- 
tions between restenosis and 5 predictor variables de- 
fined before the analysis were examined using a logistic 
regression model.?526 In a second analysis, the same 
variables were incorporated into an ordinal logistic re- 
gression model to assess the predictive value in estimat- 
ing the number of major coronary arteries (0, 1, 2 or 3) 
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Other Significant 
Disease 


No Significant 
Disease 
(n=104) % 


Other Significant 
Disease 
(n = 46) % 


with significant stenoses at follow-up cardiac catheter- 
ization. Comparison of the results of these 2 analyses 
provided an assessment of the effect of significant le- 
sions in other coronary vessels on the associations being 





examined. The predictor variables examined were: re- { 


current anginal symptoms (either typical or atypical) 
coded as a binary variable; the treadmill angina index; 
treadmill interpretation coded as 2 if positive, 1 if nega- 
tive inadequate or indeterminate (uninterpretable tests 
were deleted from analysis) and 0 if negative adequate; 
the magnitude of exercise-induced ST deviation; and 
exercise duration in seconds. In an exploratory fashion, 
the relation to restenosis of 2 additional variables, maxi- 
mum heart rate achieved on the treadmill and exercise 
systolic blood pressure, was also examined. 


RESULTS 

Restenosis of the PTCA lesion occurred in 98 (36%) 
of the 271 patients who had a successful elective PTCA 
and had angiographic follow-up (with or without a 
treadmill test). Of the 200 patients who had both fol- 
low-up angiography and a treadmill exercise test, 50 
(25%) had restenosis of the PTCA lesion, 46 (23%) had 
no restenosis but had significant coronary disease pres- 
ent at other sites and 104 (52%) had no significant coro- 
nary stenoses. These 3 groups did not differ appreciably 


d 


TABLE Ill Treadmill Test Results 


Restenosis 
(n = 50) % 





Angina during test 


None 30 60 
Nonlimiting angina 10 20 
Test stopped due 
to angina 10 20 
Test interpretation 
Negative 15 30 
Negative inadequate 16 32 
or indeterminate 
positive 17 34 
uninterpretable 2 4 
ST-segment deviation (mV)* 
0 31 65 
0.10-0.19 15 31 
0.20—0.30 2 4 
Maximum heart ratet 136 112-149 
Peak systolic blood 170 158-200 
pressuret 
Exercise duration 6.2 4.4-8.6 
(min)t 





Other Significant No Significant 
Disease Disease 
(n = 46) % (n=104) % 
37 80 94 90 
5 11 7 7 
4 9 3 3 
22 48 59 57 
9 20 24 23 
14 30 17 16 
1 2 4 4 
31 69 83 83 
10 22 13 13 
4 9 4 4 
142 123-155 140 123-153 
184 155-200 177 160-191 
7.1 5.2-8.8 7.2 4.9-9.6 


* Uninterpretable tests deleted (n = 7); t data shown are medians (25th to 75th percentile). 


in age, gender or prevalence of hypertension, diabetes, 
family history of premature heart disease, smoking his- 
tory or hyperlipidemia (Table I). More patients in the 
group without restenosis but with other significant ste- 
noses had a history of myocardial infarction compared 
with the other 2 groups. Slightly more patients with re- 
stenosis had left anterior descending lesions, compared 
with the other 2 groups (p = 0.32) (Table II). The pro- 
portion of patients with multivessel disease on the base- 
line angiogram was highest in the group without reste- 
nosis but with other significant stenoses (63%), interme- 
diate in the group with restenosis (36%) and lowest in 
those without stenoses (18%) (p <0.001). Angioplasty 
was performed in >1 vessel in 20 patients; the restenosis 
rate was slightly higher in this group (30%) than in 
“those having 1-vessel angioplasty (24%), but this differ- 
^ ence was not significant (p = 0.62). The median ejec- 
tion fraction was higher in the group without significant 
disease on the follow-up study (p = 0.007). 

Figure 2 shows the distribution of anginal symptoms 
at the time of follow-up. Among 29 patients reporting 
typical anginal symptoms at follow-up, 19 (66%) had 
restenosis, compared with 11 of 42 (26%) with atypical 
symptoms, and 20 of 129 (16%) without symptoms at 
follow-up (p <0.001). Twenty-two patients (76%) with 
typical symptoms had either restenosis or other signifi- 
cant disease, compared with 20 (48%) of those with 
atypical symptoms, and 54 (42%) of those with no 
symptoms. Among those with Canadian Cardiovascular 
Society class I symptoms, 25% had restenosis, compared 
with 38, 67 and 53% in those with class II, III and IV 
symptoms, respectively. 

The prevalence of exercise-induced angina was high- 
est in the restenosis group (40%), intermediate in the 
= group with other significant lesions (20%) and lowest in 
the patients without significant residual disease (10%) 
(p = 0.001) (Table III). Similarly, the frequency of ex- 





ercise-induced ST-segment deviation 20.10 mV was 
highest in patients with restenosis (35%) and patients 
with other significant disease (31%) and lower in pa- 
tients without significant stenoses (17%, p = 0.03). The 
majority of patients in all 3 groups, however, had a neg- 
ative or indeterminate test result. The groups did not 
differ appreciably in the distribution of maximum exer- 
cise heart rate or peak exercise systolic blood pressure. 
There was a trend toward shorter exercise duration in 
patients with restenosis compared with patients in the 
other 2 groups (p = 0.08). 

In a stepwise logistic regression analysis (Table IV), 
exercise-induced angina was the strongest individual 
predictor of restenosis (p = 0.0001). After adjusting for 
the association between exercise angina and restenosis, 
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FIGURE 2. Status of anginal symptoms at the time of follow- 
up testing in the 200 study patients. 
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Univariable 
Chi-square 


Variable l 


Angina during ETT 

Angina at follow-up 

ETT interpretation 

Maximum ST-segment 
deviation 

Maximum heart rate 

Exercise duration 


Multivariable 
Chi-square 


Variables are listed in order of entrance into stepwise logistic regression model. Multivariable chi-square for each variable is adjusted for all preceding variables. 


ETT = exercise treadmill test; PTCA = percutaneous transluminal coronary angioplasty. 





recurrent angina (p = 0.01) continued to have a signifi- 
cant association with restenosis, followed by test inter- 
pretation (p = 0.05). When the regression analysis was 
repeated using the number of diseased vessels present at 
the follow-up catheterization study as the dependent 
variable, exercise-induced angina again had the stron- 
gest association (p = 0.0001), followed by the magni- 
tude of exercise-induced ST-segment deviation (p = 
0.003) and exercise duration (p = 0.03). 

Finally, the study population was stratified by recur- 
rent angina, exercise-induced angina and treadmill test 
interpretation (Figure 3). The likelihood of restenosis 
was directly related to the presence of these 3 character- 
istics and was present in 83% of patients with all 3, 36 
to 56% of patients with any 2 and 21 to 29% of patients 
with only 1 characteristic. Ten of 89 patients (11%) 


without any of the 3 characteristics had restenosis. The 
sensitivity of either exercise-induced angina or signifi- 
cant exercise-induced ST-segment changes for resteno- 
sis, after eliminating patients with uninterpretable tests, 
was 60%, whereas the specificity was 69%. The positive 
and negative predictive values of the test were 61 and 
84%, respectively. In patients with recurrent angina, the 
positive predictive value of the treadmill test for resteno- 
sis was 53%; the negative predictive value was 71%. The 
corresponding values in patients without recurrent angi- 
na were 26 and 89%. Because a positive test could be 
due to stenosis at the angioplasty site or in another ves- 
sel, we examined the effect of eliminating patients with 
significant stenoses in other vessels as a result of incom- 
plete revascularization or increase in a previously insig- 
nificant stenosis. The sensitivity of the test was not 


Patients Eligible For 


Follow-up Treadmill Test 


Present 
71 (42) 


Recurrent 
Angina: 


Present 
25 (60) 


Exercise-induced 
Angina: 


Absent 
46 (33) 


200 (25%) 


Absent 
129 (16) 


Absent 
115 (13) 


Present 
14 (36) 


E AR 


Interpretation Pos. Neg. Pos. 
of ETT: 6 18 11 


Restenosis: 5(83) 10(56) 4(36) 


Other Significant 
Disease: 


Neg. Pos. Neg. Pos. Neg. 
31 7 7 24 89 


9(27) 3(43) 2(29) 5(21) 10(11) 


22 





FIGURE 3. Stratification of study population by presence or absence of symptoms at follow-up, exercise-induced angina and 
corresponding 


treadmill test interpretation. Number of patients in each stratum is shown, along with 


restenosis rate in 


parentheses. Patients with uninterpretable tests (n = 7) are omitted from the lowest stratum. Below each group the number 


with restenosis is shown. ETT = exercise treadmill test. 
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changed by such subgrouping, and the specificity in- 
creased only slightly, to 75%. We also examined how 
the sensitivity and specificity of the treadmill test result 
varied according to which vessel was dilated. For left 
anterior descending lesions, the sensitivity was 59% and 
the specificity was 75%. The corresponding figures for 
circumflex and right coronary lesions were 62 and 72%, 
and 67 and 58%, respectively. 


DISCUSSION 

Our study shows that in patients able to perform a 
follow-up treadmill test 6 months after elective PTCA, 
the presence of exercise-induced ischemia improves the 
clinician’s ability to detect restenosis, beyond the contri- 
bution of the patient’s symptom status. The overall ac- 
curacy of the test, however, is only fair, as would be 
expected in a population with predominantly 1-vessel 
disease,”’ and the test is negative in a substantial minor- 
ity of patients with angiographic restenosis. A unique 
feature of this study is that 6-month follow-up exercise 
tests and repeat coronary angiograms were obtained in 
88% of patients eligible for both studies after a success- 
ful PTCA, a much higher rate than any previous study 
of noninvasive testing to detect restenosis. 

Long-term restenosis rate: The restenosis rate in 
this group of patients undergoing elective PTCA is com- 
parable to that found in other studies.3>:28 The variabili- 
ty in rates reported in these studies can be explained in 
part by differences in the definition of restenosis, and 
perhaps by variability in completeness of angiographic 
follow-up. In addition, the restenosis rate in a subset of 
patients who were able to undergo exercise treadmill 
testing was lower than the rate in patients who were not 
tested, because most of the latter group underwent eval- 
uation before their scheduled follow-up date because of 
unstable angina. 

Relation of treadmill test result to restenosis: Our 
results are similar to those of previous studies that ex- 
amined the ability of exercise testing to detect resteno- 
sis. Wijns et al,'* for example, found in a group of 89 
patients that the positive predictive value of either hori- 
zontal ST-segment depression or angina occurring dur- 
ing the treadmill test was 50%, whereas the negative 
predictive value was 65%. Ernst et al'! studied 25 pa- 
tients who underwent treadmill testing 4 to 8 months 
after PTCA, and found a sensitivity of 75%, a specific- 
ity of 85% and a positive predictive value of 50%. 

The substantial number of false negative results in 
this study is at least partially due to the large proportion 
of patients with 1-vessel disease, in whom the sensitivity 
of treadmill testing is known to be lower.2” Conversely, 
nearly half of the patients who had positive treadmill 
tests but were not found to have angiographic restenosis 
(“false positive” treadmill tests) had other significant 
stenoses at the time of follow-up, which could have 
caused an ischemic response to exercise. Furthermore, 
the functional significance of a stenosis <75% in the 
PTCA vessel may also have been underestimated. As 
Rosing et al’? speculated, the use of diameter narrowing 
<75% to define absence of restenosis may have misclas- 
sified some patients with long lesions or significant re- 


ductions in absolute vessel diameter, who consequently 
had ischemia during treadmill testing. 

The usefulness of an exercise treadmill test for man- 
aging a patient after PTCA can be maximized by con- 
sidering each of the components of the test, rather than 
simply examining the overall test interpretation. In this 
study, we hypothesized that the test interpretation, 
duration of exercise, maximum ST-segment deviation 
from baseline and presence of angina during the test 
would be most strongly related to the presence of reste- 
nosis. The relatively small number of patients who were 
found to have restenosis limited the number of predictor 
variables that could reasonably be analyzed with the lo- 
gistic regression model. The occurrence of angina dur- 
ing the treadmill test was more strongly related to the 
presence of restenosis than were angina reported at the 
time of follow-up or any of the other treadmill vari- 
ables. Despite the statistical strength of this association 
and the additional information yielded by the presence 
of angina at follow-up or a positive treadmill test, 10 of 
the 50 patients (20%) with angiographic restenosis were 
still missed by requiring >21 of these criteria to be 
present. 

Limitations: Several limitations of our study should 
be noted. First, the association between any variable 
and restenosis is greatly influenced by the definition of 
restenosis. The use of a standard dichotomous definition 
(present vs absent) for restenosis may have diluted some 
associations present in the data. Second, the ability to 
demonstrate an association between any set of indepen- 
dent variables and restenosis is limited by the number of 
patients with restenosis. Our study population was large 
enough, however, to detect several strong predictors of 
restenosis. Finally, the relative prognostic importance of 
detected and undetected restenosis in this population 
could not be determined because most patients with 
restenosis were referred for repeat revascularization 
procedures. 
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Data from multiple controlled trials in 630 patients with chronic stable angina treated only with sublingual nitroglycerin.“ 


Now, Once-Daily Dosing Delivers Essentially Constant 
24-Hour Plasma Levels 
MEAN STEADY-STATE PLASMA CONCENTRATIONS WITH PROCARDIA XL TABLETS“ 












Mean concentration 
(ng/mL) 


Hours post dose (day 5) 


Mean steady-state plasma concentrations of PROCARDIA XL 60 mg q.d. in 21 healthy volunteers. (Data on file. Medical Department, 


Pfizer Laboratories, Pfizer Inc.*) 


Please see brief summary of prescribing information on last page 





ONCE-DAILY DOSING CONTROLS ANGINA 
FOR A FULL 24 HOURS 


The Effectiveness You Expect From Nifedipine 
ANGINA FREQUENCY ? 









*p value compared to baseline 
(n=91) 
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Baseline Wk 6 Wk 10 Wk 14 


nifedipine PROCARDIA XL PROCARDIA XL PROCARDIA XL 
capsules 





Fourteen-week, open-label, crossover trial to compare the efficacy and dose equivalency of nifedipine capsules (weeks 1 and 2) vs 
PROCARDIA XL (weeks 3-14) in 98 patients with chronic stable angina who had been on nifedipine capsules at least one month prior 
to the study. Ninety-five patients were crossed over to receive PROCARDIA XL at the nearest equivalent daily dose (over the dose 
range of 30-150 mg/day); 91 of these were evaluated for efficacy. The majority remained on beta blockers and/or nitrates throughout 
the study. (Reported by Vetrovec GW et al, Am J Med, 1987.3) 


Patients were of different races. (Data on file. Medical Department, Pfizer Laboratories, Pfizer Inc.4) 


No Development of Tolerance?” 
MEAN EXERCISE TIME’ 
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Wk 2 Wk 4 Wk 4 Wk 14 

Baseline PROCARDIA XL PROCARDIA XL PROCARDIA XL 
nifedipine capsules 3 h post dose 24 h post dose 24 h post dose 
3 h post dose 


Open-label, 14-week, crossover trial to compare the efficacy and dose equivalency of nifedipine capsules (weeks 1 and 2) versus 
PROCARDIA XL (weeks 3-14) in 10 patients with stable angina. Total daily nifedipine doses were: nifedipine capsules: 30-60 mg/day 
(mean = 40 mg/day); PROCARDIA XL: 30-60 mg q.d. (mean = 39 mg q.d.). Patients remained on other antianginal medication 
throughout the study, including beta blockers and/or nitrates. Serial treadmill exercise testing was performed at baseline while on 
nifedipine capsules, at 2 weeks of treatment with PROCARDIA XL and after 12 weeks of treatment with PROCARDIA XL. (Reported 
by Vetrovec GW et al, Am Heart J, 1988.7) 


Patients were of different races. (Data on file. Medical Department, Pfizer Laboratories, Pfizer Inc.4) 


@ No tolerance was reported after 12 weeks of PROCARDIA XL therapy’ 
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Tablets 30 mg, 60 mg and 90 mg GITS 





A Low Incidence of Side Effects“ 
% INCIDENCE OF ADVERSE EXPERIENCES COMPARED TO PLACEBO 
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Headache Fatigue Dizziness Constipation Nausea 


e Only edema and headache were more common in PROCARDIA XL 
patients than in placebo patients 


e Edema occurs in a dose-dependent manner, with an incidence range of 
approximately 10% to 30% at the highest dose studied (180 mg) 


e Edema is not associated with fluid retention, as evidenced by no mean 
weight gain in a multicenter study of 164 patients treated with 
PROCARDIA XL for 13-18 weeks? 


è In controlled trials of 776 patients with PROCARDIA XL, edema 
resulted in discontinuation of therapy in 2.7% of patients‘ 


Please see brief summary of prescribing information on last page. 
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EASY TO INITIATE ONCE-DAILY DOSING 


è Initiate once-a-day therapy with a single 30-mg or 60-mg PROCARDIA XL Extended 
Release Tablet, swallowed whole 


EASY TO SWITCH TO ONCE-DAILY DOSING 


e Over 90% of angina patients controlled on nifedipine capsules were easily switched to 
and controlled on PROCARDIA XL Extended Release Tablets at the nearest equivalent 
total daily dose; others needed dosage adjustment“ 


TITRATION SHOULD PROCEED AS CLINICALLY WARRANTED 
è For full dosage instructions, see prescribing information 


References: 1. Gavras |, Mulinari R, Gavras H, et al: Antihypertensive effectiveness of the nifedipine gastrointestinal therapeutic system. Am J Med 1987;83(supp! 6B):20-23. 2. Frishman WH, 
Garofalo JL, Rothschild A: The nifedipine gastrointestinal therapeutic system in the treatment of hypertension. Am J Cardiol 1989;64(suppl to No. 11):65F-69F. 3. Vetrovec GW. Parker VE. Cole S, 
et al: Nifedipine gastrointestinal therapeutic system in stable angina pectoris: Results of a multicenter open-label crossover comparison with standard nifedipine. Am J Med 1987:83(suppl 6B): 
24-29. 4. Data on file. Medical Department, Pfizer Laboratories, Pfizer Inc, New York. 5. Chung M, dyna SH Gaffney M, et al: Clinical pharmacokinetics of nifedipine gastrointestinal 
therapeutic system: A controlled-release formulation of nifedipine. Am J Med 1987:83(suppl 6B):10-14. 6. Swanson DR, Barclay BL, Wong PSL, et al: Nifedipine gastrointestinal therapeutic 
system. Am J Med or So Supp 6B):3-9. 7. Vetrovec GW, Parker VE, Alpert DA: Comparative dosing and efficacy of continuous-release nifedipine versus standard nifedipine for angina pectoris: 
Clinical response, exercise performance, and plasma nifedipine levels. Am Heart J 1988;115(4):793-798. 8. Krakoff LR, Bravo EL, Tuck MK, et al: Antihypertensive and metabolic effects of 
nifedipine gastrointestinal therapeutic system (NGITS) in essential hypertension, abstracted. American Society of Hypertension, 4th Scientific Meeting, New York, May 10-12, 1989. 





Brief Sammat Carcinogenesis, Mutagenesis, Impairment of Fertility: Nifedipine was administered orally to rats, for two years and was not shown to 

PROCARDIA XL* {ritedipine) Extended Release Tablets For Oral Use be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose approximately 30 times the maximum 

CONTRAINDICATIONS: Known iypersansitiviiy reaction to nifedipine. R y recommended human dose. /n vivo mutagenicity studies were negative. 

WARNINGS: Excessive Hypotension: Although in most angina patients the hypotensive effect of nifedipine is modestand well tolerated, Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats when ‘piven in doses 30 times the maximum 

occasional patients have had excessive and poorly tolerated hypotension. These responses have usually occurred during initial titration recommended human dose. Nifedipine was embryotoxic (increased fetal resorptions, decreased fetal weight, increased stunted forms 

or at the time of subsequent upward dosage adjustment, and may be more likely in patients on concomitant beta blockers. , increased fetal deaths, decreased neonata! survival) in rats, mice, and rabbits at doses of from 3 to 10 times the maximum recommende 
Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving nifedipine together with a human dose. In pregnant monkeys, doses 2/3 and twice the maximum recommended human dose resulted in small placentas and 


beta-blocking agent who underwent coronary artery bypass surgery using high dose fentanyl anesthesia. The interaction with high dose underdeveloped chorionic villi. In rats, doses three times maximum human dose and higher caused prolongation of pr nancy. There 

fentanyl appears to be due to the combination of nifedipine and a beta blocker, but the possibility that it may occur with nifedipine alone are no adequate and well controlled studies in pregnant women. PROCARDIA XL® (nifedipine) Extended Release Tablets should be used 

with low doses of fentanyl, in other surgical procedures, or with other narcotic analgesics cannot be ruled out. In nifedipine-treated durin gegnan only if the potential benefit justifies the potential risk to the fetus. 

patients where surgery using high dose pamp anesthesia is contemplated, the physician should be aware of these potential problems ADVERSE EXPERIENCES: Over 1000 as from both controlled and open trials with PROCARDIA XL Extended Release Tablets in 

and if the patient's condition permits, sufficient time (at least 36 hours) should be allowed for nifedipine to be washed out of the body prior pyper tension and angina were included in the evaluation of adverse experiences. All side effects reported during PROCARDIA XL 
n. 


to surgery. , l l Extended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common side effect 
The fo owing information should be taken into account in those patients who are being treated for hypertension as well as angina: reported with PROCARDIA XL was edema which was dose related and ranged in frequency from approimaiiy 10% to about 30% at the 
increased Angina and/or Myocardial Infarction: Rarely, patients, particularly those who have severe obstructive coronary artery dis- highest dose studied (180 mg). Other common adverse experiences reported in placebo-controlled trials include: headache (15.8%, 
ease, have developed well documented increased frequency, duration and/or severity of angina or acute myocardial infarction on starting compared to 9.8% placebo incidence), fatigue (5.9%, cree to 4.1% placebo incidence) dizziness (4.1%, compared to 4.5% placebo 
nifedipine or at the time of dosage increase. The mechanism of this effect is not established, l D a incidence), constipation (3.3%, compared to 2.3% placebo incidence), and nausea (3.3%, compared to 19% placebo incidence), Of 
Beta Blocker Withdrawal: It is important to y= beta blockers if possible, rather than soppii em abruptly before beginning nifedi- these, ony edema and headache were more common in PROCARDIA XL patients than placebo patients. 
pine. Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with increased angina, probably related to The following adverse reactions occurred with an incidence of less than 3.0%. With the exception ofleg cramps, the incidence of these 
increased sensitivity to catecholamines. Initiation of nifedipine treatment will not prevent this occurrence and on occasion has been side effects was similar to that of placebo alone: body as a whole/systemic: asthenia, flushing, pain; cardiovascular: palpitations; central 
reported to increase it. j , ) t nervous system: insomnia, nervousness, paresthesia, somnolence; dermatologic: pruritus, rash; "pat aay ned abdominal pain, 
Congestive Heart Failure: Rarely, patients usually receiving a beta blocker, have developed heart failure after be inning nifedipine. diarrhea, dry mouth, dyspepsia, flatulence: musculoskeletal: arthralgia, leg cramps: respiratory: chest pain (nonspecific), dyspnea: 
Patients with tight aortic stenosis may be at greater risk for such an event, as the unloading effect of nifedipine would be expected to be urogenital: impotence, polyuria. ; , 
ol ess benefit to those patients, owing to their fixed impedance to flow across the aortic valve. her adverse reactions were reported sporadically with an incidence of 1.0% or less. These include: body as a whole/systemic: face 


ONS: General—Hypotension: Because a pa decreases peripheral vascular resistance, careful monitoring of blood edema, fever, hot flashes, malaise, periorbital edema, rigors; cardiovascular: arrhythmia, hypotension, increased angina, tachycardia, 


pressure during the initial administration and titration of nifedipine is suggested Close ent an is especially recommended for syncope; central nervous system: anxiety, ataxia, decreased libido, depression, hypertonia, hypoesthesia, migraine, paroniria, tremor, 


pens already taking medications that are known to lower blood pressure. (See WARNINGS.) _ vertigo; dermatologic: arcneGe increased sweating, urticaria, panum; gastrointestinal: eructation, gastroesophageal reflux, gum 
ripheral Edema: Mild to moderate peripheral edema occurs in a dose dependent manner with an incidence ranging from approxi- hyperplasia, melena, vomiting, weight increase; musculoskeletal: back pain, gout, myalgias; respiratory: coughing, epistaxis, upper 
mately 10% to about 30% atthe manesi dose studied (180 mg). itis a localized phenomenon thought to be associated with vasodilation respiratory tract infection, respiratory disorder, sinusitis; special senses: abnormal facnmation, abnormal vision, taste perversion, 
of dependent arterioles and small blood vessels and not due to left ventricular dystunction or generalized fluid retention. With patients tinnitus; urogenital/reproductive: breast pain, dysuria, hematuria, nocturia. as - 
whose angina or hypertension is complicated by congestive heart failure, care should be taken to differentiate this peripheral edema from Adverse experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurrent disease states or 
the effects of increasing left ventricular dysfunction. =| ee medications. a AY 
Laboratory Tests: Rare, usually transient, but ocasionpi significant elevations of enzymes such as alkaline phosphatase CPK, LDH, In multe dose U.S. and foreign controlled studies with nifedipine capsules in which adverse reactions were reported spontaneously, 
SGOT, and SGPT have been nofed. The relationship to nifedipine waragy uncertain in most cases, but probable in some. These labora- adverse effects were frequent but generally not serious and prey required discontinuation of therapy or pee pede Most were 
tory abnormalities have rarely been associated with clinical symptoms; however, cholestasis with or without jaundice has been re jor ted. expected consequences of the vasodilator effects of Procardia. Adverse experiences reported in placebo-controlled trials include: dizzi- 
A small Sie increase in mean alkaline phoaphaisi was noted in patients treated with PROCARDIA XL. This was an isolated finding not ness, lightheadedness, and giddiness (27%, compared to 15% placebo incidence); f ushing, heat sensation (25%, compared to 8% 
associated with clinical symptoms and it rare x resulted in values which fell outside the normal range. Rare instances of allergic papanu placebo incidence); headache (23%, compared to 20% placebo incidence); weakness (12%, compared to 10% placebo incidence); 
have been reported. In controlled studies, PROCARDIA XL did not adversely affect serum uric acid, glucose, or cholesterol. Serum nausea, heartburn (11%, compared to 8% placebo incidence); muscle cramps, tremor (8%, compared to 3% placebo incidence): 
potassium was unchanged in patients receiving PROCARDIA XL in the absence of concomitant diuretic therapy, and slightly decreased in peripheral edema (7%, compared to 1% placebo incidence); nervousness, mood changes (7%, compared to 4% placebo incidence): 
patients receiving concomitant diuretics. ee W palpitation (7%, compared to 5% placebo incidence); dyspnea, cough, and wheezing (5%, compared to 3% placebo incidence): and 
Nifedipine, like other calcium channel blockers, decreases platelet aggregation in vitro. Limited clinical studies have demonstrated a nasal congestion, sore throat (6%, compared to 8% placebo incidence). 
moderate but statistically significant decrease in platelet aggregation and increase in bleeding time in some nifedipine patients, This is There is also a large uncontrolled experience in over 2100 patients in the United States. Most of the patients had vasospastic or 
thought to be a function of inhibition of calcium transport across the platelet membrane. No clinical significance for these findings has resistant angina pectoris, and about half had concomitant treatment with beta-adrenergic blocking agents. The relatively common 
been demonstrated. adverse events were similar in nature to those seen with PROCARDIA XL. = : ' 
Positive direct Coombs test with/without hemolytic anemia has been de gett but a causal relationship between nifedipine adminis- In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the disease in these 
tration and positivity of this laboratory test, nag hemolysis, could not be determined. ' : patients. It remains possible, however, that some or many of these events were drug related. Myocardial infarction occurred in about 4% 
Although nifedipine has been used Safely in patients with renal dysfunction and has been reported to exert a beneficial effect in certain of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction disturbances each 
cases, rare reversible elevations in BUN and serum creatinine have been reported in patients with pre-existing chronic renal insufficiency. occurred in fewer than 0.5% of patients. <a 
The relationship to nifedipine therapy is uncertain in most cases but prchable in some i ' In a subgroup of over 1000 pos receiving Procardia with concomitant beta blocker therapy the pattem and incidence of adverse 
Drug Interactions—Beta-adrenergic blocking agents: (See WARNINGS) Experience in over 1400 patients with Procardia® capsules in a experiences was not different from that of the entire group of Procardia treated patients (See PRECAUTIONS.) _ 
noncomparative clinical trial has shown that concomitant administration of nifedipine and beta-b oong agents is usually well tolerated n a sub rouo of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or lightheaded- 
but there have been occasional literature reports suggesting that the combination may increase the likelihood of congestive heart failure, hess, peripheral edema, headache or flushing each occurred in one in eight patients. Hypotension occurred in about one in 20 patients. 
severe hypotension, or exacerbation of angina aN amona occurred in approcmatoiy one patient in 250, Myocardial infarction or symptoms of cgngestive heart failure each occurred in 
Long Acting Nitrates: Nifedipine may be Safely co-administered with nitrates, but there have been no controlled studies to evaluate the about one patient in 15. Atrial or ventricular dysrhythmias each occurred in about one patient in 15 


antianginal effectiveness of this combination ! 

Dig) lis: Administration of nifedipine with digoxin increased digoxin levels in nina of twelve normal volunteers. The average increase More detailed professional information available on request. © 1989, Pfizer Inc, 
was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coronary arny disease. In an uncontrolled 
Study of over two hundred patients with congas? heart failure during which digoxin blood levels were not measured, digitalis toxicity 
was not observed. Since there have been isolated reports of patients with elevated Sone levels, it is recommended that digoxin levels 
be monitored when initiating, adjusting, and discontinuing nifedipine to avoid possible over- or under-digitalization i 

Coumarin Anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin anticoagulants to 
whom nifedipine was administered. However, the relationship to nifedipine therapy is uncertain 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak neers plasma levels (80%) and area-under- 
the-curve (74%), after a one week Course of cimetidine at 1000 mg per day and nifedipine at 40 mg per day. Ranitidine procona smaller, 
non-significant increases. The effect may be mediated by the known inhibition of cimetidine on hepatic cytochrome P-450, the enzyme 
system probably responsible for the first-pass metabolism of nifedipine. If nifedipine therapy is initiated in a patient currently receiving 
cimetidine, cautious titration is advised 
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INVASIVE AND/OR NON-INVASIVE CARDI- 
OLOGISTS—Marshfield Clinic, a 325-physician 
multi-specialty group, is seeking invasive and/or 
non-invasive cardiologists to join its 13-member 
Cardiology Department. Currently more than 
2750 cardiac catheterizations, 600 open heart 
operations, 250 electrophysiology procedures, 
and 7500 color flow Doppler echoes are per- 
formed annually. This is an outstanding opportu- 
nity for BC/BE cardiologists. The position offers 
a starting salary of $140,000, superior fringe 
benefits, and full partnership in two years. Send 
CV with first letter to: W. Bruce Fye, M.D., 
Chairman, Department of Cardiology, Marsh- 
field Clinic, 1000 North Oak Avenue, Marsh- 
field, WI 54449. 





NON-INVASIVE CARDIOLOGIST: PRIVATE GROUP: 
BEAUTIFUL NEW JERSEY LOCATION ONE HOUR N.Y.C. 
PROTECTED INCOME/FRINGES; THEN FEE/FOR SER- 
VICE SHARING EXPENSES. PARTNER ONE YEAR. 
Reply Box 1065, The American Journal of Cardiology, 
249 W. 17th St., New York, N.Y. 10011. 


INTERVENTIONAL CARDIOLOGIST—Immediate need for 
BC/BE Interventional Cardiologist to join well established 
group of consultative cardiologists serving regional 400 bed 
hospital with 250,000 population base; located in beautiful 
Pacific Northwest with endless recreational opportunities. 
Reply Box 1070, The American Journal of Cardiology, 249 W 
17th St., New York, NY 10011. 





Academic Cardiologist. Assistant/Associate 
Professor. Research and teaching cardiology 
program with rapidly growing referral based 
clinical program. Available 1/1/90. Tenure 
leading appointment. CV to James O. Armi- 
tage, M.D., Department of Internal Medicine, 
University of Nebraska Medical Center, 42nd 
& Dewey Avenue, Omaha, NE 68105. An Af- 
firmative Action/Equal Opportunity Employer. 


CARDIOLOGIST— Invasive or non-invasive BC-BE to joina 
superior and growing multispecialty group in northwestern 
PA college town. Excellent living and working environment. 
Attractive salary and benefits. Send CV to Box 1015, The 
American Journal of Cardiology, 249 W. 17th St., New 
York, NY 10011. 


INVASIVE CARDIOLOGIST 


To join a busy 25 person multi-specialty group 
practice. The setting is in beautiful Western Wash- 
ington between Seattle and Vancouver, British 
Colombia, Canada. Competitive starting salary 
and benefit program. Send C.V. to: 

Shane S. Spray 

1400 E. Kincaid 

Mount Vernon, WA 98273 





Join a successful operation. . .The 
Southern California Permanente Medical 
Group. We are a well-established, prepaid 
health care program. Our multispecialty 
group practice is a partnership composed 
of and managed by SCPMG physicians. 


professional liability, medical and dental 
coverage, vacation and sick leave, continu- 
ing education, life insurance and retire- 
ment plans. After two years full-time 
employment, physicians are eligible to 
be considered for partnership. 


Opportunities are available for board eligi- 
ble/certified Cardiologists at the Kaiser 
Permanente Medical Center located in 
Orange County. 


For a physician application, please call 
(800) 328-5278. If calling from outside of 
California, please call (800) 541-7946 or 
send your curriculum vitae to: Physician 
Our compensation is competitive and Recruitment, Dept. 003, Walnut Center, 
benefits are outstanding. They include: Pasadena, CA 91188-8013. 


Equal Opportunity Employer M/F/H 
eA 
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KAISER PERMANENTE 
Good People. Good Medicine. 








Usefulness of Coronary Angioplasty 
in Asymptomatic Patients 


H. Vernon Anderson, MD, J. David Talley, MD, Alexander J. R. Black, MBBS, 
Gary S. Roubin, MBBS, PhD, John S. Douglas, Jr., MD, and Spencer B. King, Ill, MD 


Of 6,545 patients who had elective coronary 
angioplasty procedures performed over a 7.5-year 
period from June 1980 through December 1987, 
114 (1.7%) never had symptoms of myocardial 
ischemia. Exercise-induced silent myocardial isch- 
emia was documented before angioplasty in 94% 
of these asymptomatic patients. Angioplasty was 
successful in 87%, whereas emergency coronary 
artery bypass grafting was required in 4%, and a 
further 2% had myocardial infarctions after the 
procedures. The remaining 7% had unsuccessful 
angioplasty procedures but experienced no in-hos- 
pital cardiac events. The follow-up period after hos- 
pital discharge averaged 43 + 20 months (range 5 
to 93). There were no deaths. In the group of 99 
patients with initially successful angioplasty proce- 
dures the follow-up interval ranged from 5 to 92 
months. During that period, 7 patients underwent 
coronary bypass surgery, 4 patients had myocardi- 
al infarction and 30 patients had repeat angio- 
plasty procedures for restenosis. The cumulative 
probability of event-free survival over 5 years for 
the group with successful angioplasty was: 100% 
freedom from death, 95% freedom from myocardi- 
al infarction, 87% freedom from myocardial infarc- 
tion or coronary bypass surgery and 61% freedom 
from myocardial infarction, coronary bypass sur- 
gery or repeat angioplasty. Thus, coronary angio- 
plasty performed in 114 asymptomatic patients, 
most with exercise-induced silent myocardial isch- 
emia, achieved very good primary success and was 
accompanied by low cardiac event rates and no 
deaths over several years of patient follow-up. 

(Am J Cardiol 1990;65:35-39) 


From the Andreas Gruentzig Cardiovascular Center, Division of Cardi- 
ology, Departments of Medicine and Radiology, Emory University 
School of Medicine, Atlanta, Georgia. Manuscript received July 6, 
1989; revised manuscript received and accepted August 30, 1989. 

Dr. Anderson’s present address: Cardiology Division, University of 
Texas Health Science Center at Houston, 6431 Fannin, Houston, 
Texas. 

Address for reprints: Spencer B. King, III, MD, Andreas Gruentzig 
Cardiovascular Center, F-606 Emory Hospital, 1364 Clifton Road, 
Atlanta, Georgia 30322. 


coronary artery disease is not resolved. Aboli- 

tion of anginal episodes in those patients who 
have them is a standard goal of medical regimens. 
Whether this abolishes all or only some of the ischemic 
episodes is unclear, and the prognostic importance of 
asymptomatic ischemic episodes is still uncertain but 
may not be favorable.! Although indications for coro- 
nary angioplasty have expanded markedly, it is still 
used predominantly to treat symptomatic ischemic coro- 
nary disease.’ We review short- and long-term results of 
coronary angioplasty in patients with coronary artery 
disease who had never been symptomatic. 


(rr therapy for patients with asymptomatic 


METHODS 

Study patients: From July 1980 through December 
1987, 6,545 patients had elective coronary angioplasty 
procedures performed at Emory University Hospital. 
Baseline clinical data were collected prospectively for all 
patients. There were 114 patients (1.7%) identified as 
not having any angina pectoris or myocardial infarction 
before the procedure. The records of these patients were 
reviewed to confirm the absence of symptomatic coro- 
nary artery disease. 

Angiographic and procedural variables: Luminal di- 
ameter stenosis of coronary arterial lesions was mea- 
sured with an electronic digital caliper system. Stenosis 
of 250% was considered significant. Multivessel disease 
was defined as significant stenosis in 22 major epicardi- 
al arteries or their large branches: either left anterior 
descending, left circumflex or right coronary artery. 

Angioplasty was performed in the standard manner. 
Success was defined as residual stenosis <50% at all 
sites attempted without the occurrence of death, myo- 
cardial infarction or emergency coronary artery bypass 
graft surgery. 

Data collection and follow-up: Clinical, angiograph- 
ic and procedural data were prospectively recorded on 
standard forms and entered into a computer database. 
Additional data regarding clinical status, presence of 
risk factors for coronary artery disease, medications and 
performance of exercise tolerance testing were obtained. 
If exercise testing had not been performed, the reason 
for diagnostic cardiac catheterization was determined. 
These supplemental data were added to the database. 
Follow-up information was obtained by mail question- 
naire and telephone interview. All 114 patients or their 
physicians were contacted. This information was also 
added to the database. 

Statistical analysis: Continuous variables were ana- 
lyzed with unpaired ¢ tests or 1-factor analysis of vari- 
ance. Categorical variables were analyzed with chi- 
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TABLE I Clinical, Angiographic and Procedural 
Characteristics of 114 Asymptomatic Patients 


Age (yrs) (mean + SD) 57+9 
Male sex (%) 111 (97) 
Hypertension (%) 51 (44) 
Diabetes mellitus (%) 7 (6) 
Cigarette smoking (%) 

Never 39 (34) 

Former /current 75 (66) 

Medications (%) 

B blockers 38 (33) 

Calcium antagonists 8 (7) 

Antihypertensives 31 (27) 

Detection (%) 

Exercise test 107 (94) 
General physical 61 (54) 
Risk factors 29 (25) 
Executive 10 (9) 
Pilot 7 (6) 

No exercise test 7 (6) 

Coronary vessel dilated (%) 

Left anterior descending 66 (58) 

Left circumflex 12 (10) 

Right 36 (32) 

Multivessel disease (%) 35 (31) 
Multivessel dilatation (%) 11 (10) 
Multisite dilatation (%) 22 (19) 
Calcified lesion (%) 10 (9) 
Eccentric lesion (%) 61 (54) 
Intimal dissection (%) 47 (41) 
Successful angioplasty (%) 99 (87) 
Unsuccessful angioplasty (%) 15 (13) 

Emergency coronary bypass 5 (4) 

Myocardial infarction 2 (2) 

No event 8 (7) 


SD = standard deviation. 


square or Fisher exact tests. Event-free survival was cal- 
culated and plotted according to the Kaplan-Meier 
method. A p value <0.05 was considered significant. 





RESULTS 

Patient characteristics: The clinical, angiographic 
and procedural characteristics of the 114 asymptomatic 
patients are listed in Table I. Most were men, <50% 
had systemic hypertension and two-thirds were current 
or former cigarette smokers. Only 6% had diabetes mel- 
litus. Fifty-four patients (47%) were taking 21 cardio- 
vascular medication at the time of diagnostic catheter- 
ization. Thirty-three percent were receiving -blocking 
agents, 7% were receiving calcium antagonists and ap- 
proximately 25% were receiving other antihypertensive 
medicines. 

Detection: One hundred seven patients (94%) had 
positive screening exercise tests that initiated diagnostic 
cardiac catheterization. In 61 patients (54%), the exer- 
cise tests were performed as part of general age-related 
or life insurance-related physical examinations. In 29 
patients (25%) exercise tests were performed because of 
the presence of risk factors, even though the patients 
had no symptoms. Another 7 patients were commer- 
cial airline pilots undergoing routine flight-certification 
physical examinations, whereas 10 patients were execu- 
tives having company-sponsored annual physical exami- 
nations. 

In 7 patients (6%), no exercise tests were performed. 
These patients underwent diagnostic cardiac catheter- 
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ization for a variety of reasons. Four asymptomatic pa- 
tients had strong family histories of coronary artery dis- 
ease and the presence of other risk factors. Two patients 
had nonspecific ST-T wave changes on routine resting 
electrocardiograms before operative procedures: 1 pa- 
tient before aortic aneurysm repair; 1 patient before 
prostate resection. One other patient had complex ven- 
tricular ectopy noted on a resting electrocardiogram 
made during a routine physical examination. 

Coronary disease and angioplasty success: Mul- 
tivessel disease was present in almost one-third of these 
patients. Multivessel dilatation was performed in 10% 
and multisite dilatation was performed in 19%. Intimal 
dissection at dilated sites occurred in 41% of the group. 

Successful dilatation of all sites attempted was 
achieved in 99 (87%) of the 114 patients. In 15 patients 
(13%), angioplasty was not successful: 5 patients (4%) 
required emergency coronary bypass surgery, 2 patients 
(2%) sustained myocardial infarctions and in the re- 
maining 8 patients (7%) the attempted lesions could not 
be crossed or were not sufficiently reduced although the 
patients had no in-hospital cardiac events. The only sig- 
nificant differences between the group with successful 
angioplasty and the unsuccessful group were a greater 
incidence of calcified lesions (33 vs 5%, p <0.01) and 
shorter mean lesion length (3.5 + 1.9 vs 6.8 + 4.2 mm, 
p <0.05) in the unsuccessful group. 

Follow-up: All 114 patients had follow-up contacts. 
The mean length of follow-up was 43 + 20 months 
(range 5 to 93). The 5 patients who underwent emer- 
gency coronary bypass surgery for unsuccessful angio- 
plasty were alive and had not experienced further cardi- 
ac events (myocardial infarction, repeat bypass surgery 
or repeat angioplasty). Similarly, both patients who had 
myocardial infarctions were alive and without further 
cardiac events. Eight patients had unsuccessful proce- 
dures but no in-hospital cardiac events. One of these 
patients later suffered myocardial infarction and 2 
underwent coronary bypass surgery during 13 to 66 
months of follow-up; 5 of these 8 patients experienced 
no cardiac events. In 99 patients with successful proce- 
dures, the follow-up period ranged from 5 to 92 months. 
During this time, there were no deaths, whereas 4 pa- 
tients had myocardial infarctions, 7 patients underwent 
coronary bypass surgery and 30 patients had repeat cor- 
onary angioplasty procedures. Combining these cardiac 
events for the group with successful procedures, 9 pa- 
tients had either myocardial infarctions or coronary by- 
pass surgery, and 34 patients had either myocardial in- 
farction, coronary bypass surgery or repeat angioplasty 
during follow-up. Event-free survival for the entire 
group of 114 patients and for the 99 patients with suc- 
cessful coronary angioplasty is shown in Figure 1. 


DISCUSSION 

Coronary artery disease may exist with or without 
angina pectoris, and with or without objective evidence 
of myocardial ischemia.®’ A growing body of data sug- 
gests that substantial myocardial ischemia may be de- 
tected at times in the absence of angina.®!! The patho- 
physiologic mechanisms for this are poorly understood 
and controversial, but may include neurosensory abnor- 


malities or alterations in vasoreactivity possibly based 
on smoking, mental stress, cold provocation and circadi- 
an factors.’ 

Event-free survival in patients with coronary artery 
disease is related to the extent of disease as well as to 
left ventricular function.!>!3 The presence or absence of 
provocable myocardial ischemia also is prognostically 
significant,'4 whereas presence or absence of angina 
may not be. Patients with coronary artery disease may 
be at higher risk for cardiac events if they have isch- 
emia regardless of whether that ischemia produces angi- 
na. 

Assey et al!> reported on the follow-up in 55 patients 
with angiographically documented coronary artery dis- 
ease and positive exercise thallium scintigrams. Myo- 
cardial infarction or death occurred in 33% of the pa- 
tients with asymptomatic ischemia but in only 4% of 
those patients with symptomatic ischemia. The symp- 
tomatic patients received more intense medical therapy, 
particularly with nitrates, perhaps contributing to their 
better event-free survival. Falcone et al!® reported the 
follow-up of 473 patients with angiographically docu- 
mented coronary disease and positive exercise treadmill 
electrocardiograms. The group of 269 patients with 
symptoms as well as positive exercise tests had coronary 
bypass surgery performed almost twice as frequently as 
the group of 204 patients with asymptomatic positive 
exercise tests (45 vs 24%). However, 156 symptomatic 
patients and 156 asymptomatic patients were treated 
medically. Survival over 6 years was no different (ap- 
proximately 90%) in these 2 groups. Thus, even in these 
presumably lower-risk subsets of patients, there was no 
survival benefit when symptoms were absent compared 
to when symptoms were present, if the exercise electro- 
cardiogram indicated ischemia. Similarly, Weiner et 
al!” examined long-term survival in patients in the Cor- 
onary Artery Surgery Study Registry. The 7-year sur- 
vival in 424 patients with asymptomatic positive exer- 
cise treadmill electrocardiograms was 76%, essentially 
equal to the 78% survival in 456 patients who had 
symptoms along with positive exercise tests. Further- 
more, the incidence of myocardial infarction during fol- 
low-up was equal in the 2 groups.'® Finally, Dagenais et 
al!? reported follow-up over 6 years in 298 patients with 
positive exercise treadmill electrocardiograms. Patients 
without symptoms but with positive exercise tests had 
slightly but significantly better overall survival than pa- 
tients who had symptoms along with positive exercise 
tests (85 vs 80%, p <0.05). However, the incidence of 
sudden death during follow-up was 7% in both asymp- 
tomatic and symptomatic groups. Thus, a substantial 
body of data exists to suggest that asymptomatic is- 
chemic coronary artery disease may not be a benign 
entity. 

Therapy: The treatment of asymptomatic patients 
with coronary artery disease remains unclear. Indeed, 
the goal of most medical regimens is to make patients 
asymptomatic. The reduction or elimination of all isch- 
emia, symptomatic or silent, is gaining increasing atten- 
tion.! Whether this will improve event-free survival is 
not known. Likewise, the role of coronary angioplasty in 
the treatment of asymptomatic patients with coronary 


` 


disease is unknown but is now beginning to be explored. 
Josephson et al?” found that successful coronary angio- 
plasty eliminated Holter monitor-detected ischemia in 
10 patients with such ischemia before the procedure. 
No long-term follow-up to examine sustained elimina- 
tion of this ischemia has been reported. Finci et al?! 
performed coronary angioplasty in 50 asymptomatic pa- 
tients, achieving success in 92%. Follow-up averaged 12 
+ 6 months. There were no deaths and there was 1 
myocardial infarction, whereas restenosis occurred in 
32% of 41 patients undergoing follow-up catheteriza- 
tion. Bergin et al”? performed coronary angioplasty in 
54 asymptomatic patients, with success in 89%. Follow- 
up ranged from 5 to 85 months (mean 35). There were 
no deaths. Among the 48 successfully dilated patients, 9 
(19%) had restenosis and 3 developed new disease, so 
that 12 patients had repeat angioplasty procedures. In 
that group, there was 1 emergency coronary bypass af- 
ter the repeat angioplasty attempt and 1 late myocardi- 
al infarction. Forty-six of the initially successful 48 pa- 
tients (96%) had no other cardiac events. 

Cohn’ has proposed a classification system for pa- 
tients with coronary artery disease and asymptomatic 
myocardial ischemia. Type 1 patients are completely 
asymptomatic; type 2 patients are asymptomatic after a 
myocardial infarction; and type 3 patients have both an- 
gina and silent myocardial ischemia. Although the use- 
fulness of this classification system remains to be deter- 
mined, it is widely known. It may be possible that type 1 
patients have uniformly good prognosis without therapy 
and that angioplasty offers no benefit. Very little data 
exist on this point. Hickman et al”? reported 3-year fol- 
low-up in 78 type 1 men. During that interval, myocar- 
dial infarction occurred in 5% and sudden death in 4% 
of the group. Erikssen and Thaulow?* reported 8-year 
follow-up of 50 type 1 men. Myocardial infarction oc- 
curred during follow-up in 14%, another 22% under- 
went coronary bypass surgery and 6% died. By 12 years, 
the mortality in this group of 50 patients was 24%.” 
Thus, at least in these 2 small studies, type 1 patients 
had substantial cardiac event rates during long-term ob- 
servation. 

We examined short- and long-term results of coro- 
nary angioplasty in 114 consecutive asymptomatic pa- 
tients. Patients in our study were overwhelmingly type 
1: 94% were asymptomatic with positive exercise tests 
and no prior evidence of cardiac disease. This is in con- 
trast to the findings of Finci et al,?! where 69% were 
type 1, and to Bergin et al,?* where only 10% were type 
1. Successful dilatation was accomplished in 87% of our 
patients, and over a mean follow-up of 43 months there 
were no deaths in either successful or unsuccessful angi- 
oplasty patients. This is consistent with Finci et al,?! 
and Bergin et al,?? who achieved success in 92 and 89% 
of attempted patients, respectively, and both groups not- 
ed no mortality during follow-up. In our group of 99 
patients with successful angioplasty procedures the inci- 
dence of myocardial infarction during follow-up was 
4%, exactly the same noted by Bergin et al,?? who also 
had a similar follow-up interval. Fully 30% of our suc- 
cessfully dilated patients had repeat procedures for re- 
stenosis, similar to the 32% restenosis rate noted by 
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Finci et al.2! As mentioned earlier, patients in these 3 
studies may not be comparable because there were dif- 
ferent proportions of patients with prior myocardial in- 
farction, prior bypass surgery and prior symptom status. 

Limitations: The protocol at our institution is to rec- 
ommend follow-up angiography 6 months after angio- 
plasty unless clinical indications suggest it be done earli- 
er. Exercise testing is not a routine component of our 
follow-up, and it was not consistently performed in 
these patients even though exercise testing was the ini- 
tial method of diagnosis in most of them. This correla- 
tive information on exercise testing and restenosis would 
be quite useful. Two other limitations of this study are 
the relatively small number of patients analyzed and the 
lack of a concurrent control group. We cannot exclude 
the possibilities that the absence of mortality and the 
low rate of myocardial infarction in our patients were 
due to selection bias, occurred by chance or perhaps re- 
flected an inherently low rate of cardiac events in this 
population. Further studies that randomize asymptom- 
atic patients with coronary artery disease into various 
treatment arms will be required to fully investigate 
these issues. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Treatment of Ventricular Arrhythmias by 
United States Cardiologists: a Survey 
Before the Cardiac Arrhythmia Suppression 
Trial Results Were Available 


Joel Morganroth, MD, J. Thomas Bigger, Jr., MD, and Jeffrey L. Anderson, MD 


To define the practice habits of United States 
cardiologists and the treatment of ventricular 
arrhythmias, a random sample of 1,000 of 12,000 
cardiologists was sent a pretested questionnaire. 
After follow-up procedures, 252 responded, of 
which 18% were academically-based, 29% were 
hospital-based and 53% were office-based. Atti- 
tudes about antiarrhythmic drug therapy for the 
treatment of ventricular arrhythmias were influ- 
enced by the presence and severity of cardiac dis- 
ease, the presence of symptoms and the type of 
ventricular arrhythmias. In this survey, only 1% of 
cardiologists treated patients with asymptomatic 
ventricular premature complexes and no heart dis- 
ease, but 17% treated such patients if unsustained 
ventricular tachycardia was present. The treatment 
rate among cardiologists increased to 38% when 
coronary artery disease with left ventricular dys- 
function was present in patients with asymptomatic 
ventricular premature complexes. The presence of 
any cardiac disease and symptomatic ventricular 
arrhythmias increased the treatment rate to 80 to 
100%. Approximately 50% of responding physi- 
cians treated patients comparable to the Cardiac 
Arrhythmia Suppression Trial study population 
with antiarrhythmic drugs. Beta blockers were the 
most common antiarrhythmic drug class chosen as 
the most appropriate initial therapy in new patients 
with ventricular arrhythmias. Whereas no cardiolo- 
gists thought that amiodarone was appropriate to 
initiate in new patients with benign or potentially 
malignant ventricular arrhythmias, as many as 33 
to 43% of cardiologists would use amiodarone for 
refractory patients with such arrhythmias, a re- 
sponse contradictory to the approved labeling for 
this drug. 

Less than one half of cardiologists recognize the 
high potential organ toxicity for quinidine, procain- 
amide and tocainide. Cardiologists believed that 
antiarrhythmic agents with class IA and IC action 
were equally proarrhythmic in patients with poten- 
tially malignant ventricular arrhythmias. Antiar- 
rhythmic drugs were initiated only in-hospital by 
about 25 to 50% of cardiologists. Electrophysio- 
logic testing was always used by 63% of cardiolo- 
gists for evaluation of sustained ventricular tachy- 
cardia; 33% never used such testing for patients 
with potentially malignant ventricular arrhythmias. 
There were no differences in these results based on 
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the geographic location of the responding cardiolo- 
gists. 

Thus, significant lack of consensus exists on the 
toxicity of antiarrhythmic drugs, use of electro- 
physiologic testing and in- versus out-of-hospital 
drug initiation. At the time of the survey, most car- 
diologists treated patients with asymptomatic and 
symptomatic potentially malignant ventricular ar- 
rhythmias, although the interim results of the Car- 
diac Arrhythmia Suppression Trial indicate recon- 
sideration for therapy in such patients. 

(Am J Cardiol 1990;65:40-48) 


of patients with either benign or malignant ven- 

tricular arrhythmias, the management of the 
large group of patients with potentially malignant ven- 
tricular arrhythmias is controversial.!? An example of 
the potentially malignant group is the postmyocar- 
dial infarction patient with minimally symptomatic or 
asymptomatic ventricular ectopy. It was hoped that the 
Cardiac Arrhythmia Suppression Trial (CAST), which 
began in June 1987, would determine whether antiar- 
rhythmic drug suppression of asymptomatic or mildly 
symptomatic ventricular premature complexes (VPCs) 
with or without unsustained ventricular tachycardia 
(VT) would significantly decrease the arrhythmic death 
rate.’ It is expected that the practice patterns of cardiol- 
ogists will evolve with new information from clinical tri- 
als and with the availability of new antiarrhythmic 
drugs. To measure the practice of United States cardiol- 
ogists in regard to ventricular arrhythmia management, 
we conducted a survey before release of the interim re- 
sults of CAST. 


A Ithough a consensus exists about the management 


METHODS 

The questionnaire: A 4-page questionnaire was de- 
veloped under the name “National Arrhythmia Survey” 
to evaluate the indications for treatment of ventricular 
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TABLE I Use of Antiarrhythmic Drugs by Patient Group, 
Arrhythmia Type and Symptoms (% of 252 Cardiologists) 


Asymptomatic Symptomatic 










VPC VPC+VT-n VT-s 





Cardiac Status 









No heart disease 








No CAD, LVEF <0.40 21 61 80 96 100 
CAD, LVEF >0.40 13 51 80 97 100 
CAD, LVEF <0.40 38 76 88 98 100 
AMI within6 months 41 79 90 98 100 
Symptomatic CHF 86 







AMI = acute myocardial infarction; CAD = coronary artery disease; CHF = conges- 
tive heart failure; LVEF = left ventricular ejection fraction; VPC = ventricular prema- 
ture complexes; VT-s = sustained ventricular tachycardia; VT-n = unsustained ventric- 
ular tachycardia. 






TABLE Il Sequence of Antiarrhythmic Drugs by Ventricular 
Arrhythmia Class in Symptomatic Patients (% of 252 
Cardiologists) 


Not Appropriate 

for New Patients 

but Not Reserved Reserved Only 
for Refractory for Refractory 
Cases Cases 


Appropriate to 
Initiate in 
New Patients 


B B 


Quinidine 
Procainamide 
Disopyramide 


M 
90 
90 
Mexiletine 


Tocainide 


Encainide 
Flecainide 


B blockers 


Amiodarone 


B = benign; M = malignant; PM = potentially malignant. 


arrhythmias based on the presence and degree of heart 
disease, symptoms and type of arrhythmia. The ques- 
tionnaire provided specific definitions for arrhythmia 
classification and for symptoms. In addition, the cur- 
rently available antiarrhythmic drugs approved by the 
Food and Drug Administration in the United States 
were listed alphabetically in the questionnaire (although 
reported herein by antiarrhythmic class). We sought to 
determine cardiologists’ attitudes about indications for 
treatment and the relative degrees of efficacy, noncar- 
diac adverse effects, probability of organ toxic effects, 
proarrhythmia and negative inotropic features of anti- 
arrhythmic drugs. Information also was obtained on 
how cardiologists used electrophysiologic testing in their 
practice. 

We pretested the questionnaire using 20 cardiolo- 
gists and revised the questionnaire based on this pretest 
to enhance its clarity (Appendix). A marketing research 
firm, Anderson, Neibuhr and Associates, handled the 
logistics of mailing the questionaires and data tabula- 
tion. 

Population sample, data collection and analysis: A 
list of approximately 12,000 actively practicing cardiol- 


TABLE Ill Ratings of the Efficacy of Antiarrhythmic Drugs for 
Potentially Malignant or Malignant Ventricular Arrhythmias (% 
of 252 Cardiologists) 


Potentially Malignant Malignant 


High Moderate Low ? 


High Moderate Low ? 


Quinidine 
Procainamide 
Disopyramide 


Mexiletine 
Tocainide 


Encainide 
Flecainide 


B blockers 


Amiodarone 


TABLE IV Ratings of the Noncardiac Adverse Effects of 
Antiarrhythmic Drugs (% of 252 Cardiologists) 


Adverse Effects Organ Toxicity 


High Medium Low ? High Medium Low ? 


Quinidine 
Procainamide 
Disopyramide 


Mexiletine 
Tocainide 


Encainide 
Flecainide 


B blockers 


Amiodarone 


ogists represented the initial database for selection of 
the sample population. From the list, a random sample 
of 1,000 cardiologists was selected by a digital comput- 
er. The survey was conducted from May to November 
1988. The questionnaire was sent to the 1,000 cardiolo- 
gists with a cover letter by first class mail with a pre- 
addressed postage-paid return envelope. Cardiologists 
who did not respond were sent 3 additional follow-up 
reminders with a second copy of the questionnaire. An 
option for a telephone interview to complete the survey 
also was offered. The completed surveys were trans- 
ferred to magnetic tape for computer analysis and were 
quality controlled for data verification. The Statistical 
Package for the Social Sciences was used in the analy- 
sis. 





RESULTS 

Questionnaires were returned by 252 of the 1,000 
cardiologists sampled (25%). Generalization of the data 
to all cardiologists should be performed cautiously due 
to this response rate. Of the cardiologists responding, 
53% said their practice was office-based, 29% were hos- 
pital-based and 18% were academically-based. Twenty- 
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Quinidine 
Procainamide 24 50 25 1 35 
Disopyramide 





Mexiletine 
Tocainide 






Encainide 
Flecainide 


B blockers 





Amiodarone 


one percent of the respondents lived in the Western 
United States, 26% in the Midwest, 23% in the North- 
east and 30% in the South. 

Table I lists the cardiologists’ responses to the sur- 
vey’s first question, in which their decisions to use anti- 
arrhythmic therapy were related to the presence and se- 
verity of cardiac disease, type of arrhythmia and degree 
of symptoms. Whereas 1% of cardiologists routinely 
prescribed antiarrhythmic drugs for patients without 
heart disease and asymptomatic VPCs, 17% treated 
such patients if unsustained VT was present. In asymp- 
tomatic patients, the type of ventricular arrhythmia and 
the severity of cardiac disease were each of approxi- 
mately equal importance in treatment decisions (col- 
umns 3 and 4 in Table I). When symptoms and heart 
disease were present, >80% of cardiologists gave treat- 
ment. The questionnaire subgroups that relate closely to 
the patient population being studied in the CAST are 
those with acute myocardial infarction within 6 months 
or coronary artery disease with ejection fraction <0.40 
(columns 4 and 5 in Table I). Antiarrhythmic agents 
were used in this population by 38 to 98% of cardiolo- 
gists, with an estimated overall treatment rate of about 
50%. 

Table II lists the responses for questions 2, 3 and 4 
in the survey, in which the first drug chosen for antiar- 
rhythmic therapy in symptomatic patients is related to 
the classification of ventricular arrhythmias. Symptom- 
atic ventricular arrhythmias without cardiac disease 
were considered benign, whereas frequent VPCs or un- 
sustained VT with coronary heart disease or congestive 
heart failure were considered to be potentially malig- 
nant. Documented sustained ventricular arrhythmias 
were Classified as malignant.!? In patients with benign 
ventricular arrhythmias, 8 blockers were clearly the 
most common antiarrhythmic drug chosen or selected to 
start treatment. Cardiologists were divided in opinion 
regarding the use of class IA, IB and IC antiarrhythmic 
drugs as initial therapy.* 

In patients with potentially malignant ventricular ar- 
rhythmias, 6 blockers were again the most commonly 
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Proarrhythmia Proarrhythmia 

in Patients with in Patients with 

Potentially Malignant Malignant Aggravation of 
Ventricular Arrhythmias Ventricular Arrhythmias Congestive Heart Failure 


Mod = moderate; ? = don't know. 


TABLE V Ranking of Major Cardiovascular Adverse Effects of Antiarrhythmic Drugs (% of 252 Cardiologists) 



















High Low ? 





















selected group for initial therapy. Older, more familiar 
drugs such as quinidine and procainamide were ranked 
ahead of class IB and IC drugs. Responding cardiolo- 
gists considered amiodarone inappropriate to initiate in 
new patients with benign or potentially malignant ar- 
rhythmias. As many as 33 to 43% of cardiologists 
thought that amiodarone was appropriate, however, for 
refractory cases with benign or potentially malignant 
ventricular arrhythmias despite the fact that the Food 
and Drug Administration approval for amiodarone is 
limited to patients with malignant ventricular arrhyth- 
mias when other antiarrhythmic agents have failed. 

In patients with malignant ventricular arrhythmias, 
quinidine and procainamide were ranked first for initia- 
tion of therapy. Mexiletine also was ranked strikingly 
high, substantially higher than tocainide, perhaps relat- 
ed to its frequent combined use with quinidine or pro- 
cainamide and the perception of its lower organ toxicity. 
Although encainide and flecainide are generally re- 
served for patients refractory to drugs with class IA and 
IB antiarrhythmic action, about 60% of cardiologists 
thought that encainide and flecainide were appropriate 
to use as initial therapy in patients with malignant ven- 
tricular arrhythmias. 

Table III lists responses to questions 5 and 6 in the 
survey and defines the cardiologists’ opinions about the 
relative efficacy of antiarrhythmic drugs for patients 
with potentially malignant and malignant arrhythmias. 
The opinions on efficacy are generally consistent with 
the efficacy results in previous reviews. Although 80% 
of cardiologists thought it was appropriate to use 6 
blockers as initial therapy in new patients with po- 
tentially malignant arrhythmias (Table II), only 8% 
thought that they were highly efficacious and 54% 
thought that they had low efficacy (Table III). Mor- 
ganroth® suggests that 8 blockers are effective in ap- 
proximately 50% of such patients. Although amioda- 
rone is not indicated for patients with potentially malig- 
nant ventricular arrhythmias, 71% of cardiologists rated 
it as highly efficacious. As expected, the drugs with 
class IC antiarrhythmic action, encainide and flecai- 





nide, were rated as having the highest efficacy in pa- 
tients with potentially malignant ventricular arrhyth- 
mias, followed by procainamide and quinidine, and then 
by mexiletine, disopyramide and tocainide. In malig- 
nant ventricular arrhythmias, amiodarone was rated as 
the most efficacious. This was followed by the drugs 
with class IC antiarrhythmic action, then procainamide 
and quinidine. Mexiletine, tocainide and disopyramide 
were rated as highly effective by fewer than 21% of re- 
sponders. 

Table IV lists responses to questions 7 and 8 in the 
survey, which involved the noncardiac safety profile, in- 
cluding adverse effects and organ toxicity for the var- 
ious antiarrhythmic drugs. Amiodarone was ranked 
most frequently by cardiologists as having high noncar- 
diac adverse effect potential, followed by quinidine, di- 
sopyramide, tocainide and then procainamide. Mexile- 
tine and 6 blockers were perceived as having little ad- 
verse potential by an intermediate percentage. Fewer 
than 20% of the cardiologists indicated that encainide 
and flecainide had the potential for a high noncardiac 
adverse effect rate. 

Amiodarone was viewed as having the highest poten- 
tial for organ toxicity. Beta blockers, encainide, mexile- 
tine and flecainide were least viewed as having a high 
organ toxic potential. Procainamide, tocainide and diso- 
pyramide were ranked intermediate. 

Table V lists the answers to questions 9, 10 and 11 
in the survey, which assess attitudes about the cardiac 
safety profile of the antiarrhythmic drugs, such as the 
potential for proarrhythmia and negative inotropic ef- 
fect. Proarrhythmic potential is separated by potentially 
malignant versus malignant ventricular arrhythmias. 
Cardiologists ranked flecainide, quinidine and encainide 
as having a high potential for causing proarrhythmia in 
patients with potentially malignant or malignant ven- 
tricular arrhythmias. They ranked procainamide and di- 
sopyramide next. Beta blockers were least often per- 
ceived to have a high proarrhythmic risk. 

Disopyramide and 6 blockers were most often select- 
ed as drugs with a high potential to aggravate heart 
failure (negative inotropic effect), followed closely by 
flecainide. Mexiletine, tocainide, procainamide, quini- 
dine and amiodarone were ranked least often as having 
a high negative inotropic potential, and most often as 
having a low potential. 

Table VI lists the response to question number 12 in 
the survey, which assessed attitudes on whether antiar- 
rhythmic agents should be initiated in-hospital for pa- 
tients with potentially malignant ventricular arrhyth- 
mias. The survey suggested a lack of consensus on initi- 
ation of antiarrhythmic drugs to in- versus outpatients. 
Only 4% of cardiologists thought that 6 blockers re- 
quired initiation in the hospital for patients with poten- 
tially malignant ventricular arrhythmias. The drugs 
that most cardiologists (33 to 44% of responders) 
thought should be initiated only to in-patients were fle- 
cainide, amiodarone, encainide and quinidine. Overall, 
for antiarrhythmic drugs, about two-thirds of cardiolo- 
gists initiate them in either the in- or out-patient setting, 
presumably depending on the nature of the patient’s 


TABLE VI Location Where Antiarrhythmic Drugs Should Be 
Started for Patients with Potentially Malignant Ventricular 
Arrhythmias (% of 252 Cardiologists) 


Only 
In-Patient 


Don't Use 
This Drug 


In- or 
Out-Patient 
Quinidine 

Procainamide 

Disopyramide 


Mexiletine 
Tocainide 


Encainide 
Flecainide 


B blockers 
Amiodarone 


TABLE VII Use of Electrophysiologic Testing (% of 252 
Cardiologists) 


Patient Group Always Sometimes Never 


No heart disease, no symptoms 

No heart disease, symptoms 

CAD + VPC & VT-n, without CHF 

VPC + VT-n, with CHF 

Documented VT-s 

CAD = coronary artery disease; CHF = congestive heart failure; VPC = ventricular 


premature complexes; VT-s = sustained ventricular tachycardia; VT-n = unsustained 
ventricular tachycardia. 





cardiac status. Amiodarone, according to its approved 
indications, should only be used for malignant ventricu- 
lar arrhythmias and should always be initiated in-hospi- 
tal. Of the cardiologists responding to this survey, 44% 
initiated amiodarone only to in-patients, but 12% chose 
to initiate amiodarone to either in- or out-patients. 

Table VII lists the response to question number 13 
of this survey regarding the use of electrophysiologic 
testing by cardiac status. Only 63% of cardiologists al- 
ways obtained electrophysiologic testing in patients with 
documented sustained VT, whereas 5 to 11% did so asa 
routine in patients with symptomatic benign or poten- 
tially malignant arrhythmias. Only 1% of cardiologists 
responding would always use electrophysiologic testing 
in patients with asymptomatic benign ventricular ar- 
rhythmias. Eighteen to 47% of cardiologists noted that 
they would never use electrophysiologic testing in pa- 
tients with symptomatic benign or potentially malignant 
ventricular arrhythmias. 


DISCUSSION 

Our survey of a random sample of cardiologists rep- 
resented a wide geographic distribution and a balance 
between office versus hospital and academic practices. 
Approximately 5 years ago, Vlay’ surveyed 65 universi- 
ty chiefs of cardiology or arrhythmia specialists regard- 
ing the indications for the treatment of ventricular ar- 
rhythmias. Despite the fact that Vlay’s study involved a 
select group of university cardiologists, the results were 
remarkably similar to our survey, and also demon- 
strated a lack of consensus about therapy of the poten- 
tially malignant ventricular arrhythmia group. 
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Our survey revealed a consensus regarding treat- 
ment of patients with benign or malignant ventricular 
arrhythmias, the classes at the “ends of the spectrum.” 
In patients with no heart disease and asymptomatic 
VPCs, only 1% of cardiologists responding would rou- 
tinely prescribe an antiarrhythmic agent compared to 
the 100% response rate for treatment of patients with 
symptomatic, sustained VT. In patients with asymptom- 
atic VPCs or VPCs and unsustained VT, an increasing 
frequency of cardiologists in our survey elected to pre- 
scribe antiarrhythmic agents, as patients had progres- 
sively more advanced cardiac disease, had coexist- 
ing unsustained VT or had associated symptoms. The 
CAST is testing whether patients, 6 days to 2 years af- 
ter myocardial infarction with a reduced ejection frac- 
tion, mildly symptomatic or asymptomatic VPCs or 
VPCs and unsustained VT, will benefit from suppres- 
sion of the ventricular arrhythmias using antiarrhyth- 
mic agents. Our survey demonstrated that approximate- 
ly 50% of responding cardiologists routinely prescribed 
antiarrhythmic agents to patients comparable to this 
population. This is similar to results of Vlay’s survey,’ in 
which 52 to 73% of responding university cardiologists 
indicated that they would treat asymptomatic patients 
who had frequent or complex VPCs, in the convalescent 
phase after acute myocardial infarction. Thus, these 2 
surveys, taken approximately 5 years apart, demon- 
strate a comparably high use of routine antiarrhythmic 
treatment of such patients in the United States. 

In April 1989 the CAST reported that patients re- 
ceiving encainide or flecainide had a marked increase in 
the risk of arrhythmic death compared to placebo (rela- 
tive risk about 2.5).8 One cannot attribute any individu- 
al patient’s death to a specific drug. The most appropri- 
ate application of these results in medical practice 
would be not to place asymptomatic patients with re- 
cent acute myocardial infarction on antiarrhythmic 
drug therapy with encainide or flecainide. Whether oth- 
er or all drugs with class I antiarrhythmic action will 
act similarly to encainide and flecainide is unknown. 
However, there is insufficient data to know whether the 
adverse effect of encainide and flecainide seen in the 
CAST should be extrapolated to their use in other pop- 
ulations, such as patients with symptomatic ventricular 
or supraventricular arrhythmias with no heart disease. 

In this pre-CAST survey, quinidine was thought by 
cardiologists to have proarrhythmic rates comparable to 
encainide and flecainide but with an even higher rate of 
noncardiac adverse and organ toxic effects (Table V). 
These responses suggest that it would not be logical for 
physicians to assume that drugs with class IA action 
would be ideal substitutes for encainide and flecainide, 
even in patients with symptomatic ventricular arrhyth- 
mias. The increased mortality observed in postmyocar- 
dial infarction patients treated with mexiletine,?:!° and 
its high rate of noncardiac adverse effects with mexile- 
tine and tocainide would also suggest a reserved judg- 
ment for the use of class IB antiarrhythmic agents. It is 
only the class II drugs, the 8-blocking agents, that have 
demonstrated the potential to reduce total mortality and 
especially sudden cardiac death in postmyocardial in- 
farction patients.'' However, 8 blockers have many ef- 
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fects other than their antiarrhythmic action that may be 
important to these results. When physicians feel obliged 
to initiate antiarrhythmic therapy in individual patients, 
especially in patients after myocardial infarction with 
potentially malignant ventricular arrhythmias, 6-block- 
ing agents continue to appear to be the best choice for 
first line therapy at present. 

The survey also provides information regarding cur- 
rent opinion as to where antiarrhythmic drugs should be 
initiated (i.e., in- or out-of-hospital). There is clearly no 
consensus among cardiologists responding to our survey 
on this issue and there was a particularly wide variation 
in opinions as to where to initiate antiarrhythmic drugs, 
especially in patients with potentially malignant ventric- 
ular arrhythmias. All patients with hemodynamically 
unstable malignant ventricular arrhythmias, such as 
sustained ventricular tachycardia, should have antiar- 
rhythmic drug therapy initiated in-hospital. Conversely, 
patients with symptomatic benign ventricular arrhyth- 
mias usually have antiarrhythmic drugs initiated as out- 
patients, especially when 8 blockers are used. Cardiolo- 
gists were more inclined to initiate in-hospital therapy 
in patients with more advanced risk of cardiac adverse 
events that may occur early after therapy and with 
drugs more likely to be proarrhythmic. Patients with 
symptomatic congestive heart failure and marked left 
ventricular dysfunction, such as those with a left ven- 
tricular ejection fraction <0.30 or advanced cardiac 
conduction disease, such as sick-sinus syndrome, or 
elderly patients with complicating medical problems, 
would appear to be groups in which in-patient initiation 
would be more frequently appropriate. 

Finally, we addressed indications for the use of 
electrophysiologic testing in various patient subgroups. 
Electrophysiologic testing is rarely indicated for patients’ 
with benign ventricular arrhythmias, and it appears to 
have a leading role for evaluating malignant ventricular 
arrhythmias.'* The results of our survey emphasize the 
controversy that exists regarding the indications for 
electrophysiologic testing in patients with potentially 
malignant ventricular arrhythmias in whom structural 
heart disease, VPCs and nonsustained VT exist.!3 We 
would predict that the results of the CAST may in- 
crease the use of signal-averaged electrocardiograms!4 
and electrophysiologic testing!> for risk stratification. 
Controlled clinical trials will be essential to demonstrate 
the validity of this rationale. 

We document that many factors bearing on the 
treatment of ventricular arrhythmias (e.g., indications 
for therapy, which drug is safest and most effective, 
whether to start treatment in-hospital and how to use 
electrophysiologic testing) remain controversial. Proper 
clinical trials such as the CAST are essential to resolve 
the controversies identified by our survey. 
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NATIONAL ARRHYTHMIA SURVEY 


your own, as a standard, please use these.) 
DEFINITIONS: 


or worse) 
Sustained VT: 


CHF; 
CHD: 
Symptomatic Ventricular Arrhythmias: 


Congestive Heart Failure 
Coronary Heart Disease 





INSTRUCTIONS: It is important to use the following definitions when answering this questionnaire. (While they may differ from 


Frequent VPCs: 10 or more ventricular premature complexes/hour 
Unsustained (nonsustained) VT: 3 complexes to 30 seconds, no hemodynamic symptoms (i.e., no syncope 


30 or more seconds of ventricular tachycardia, or hemodynamic symptoms (i.e., presyncope 
or syncope) are present with < 30 seconds of ventricular tachycardia 


Frequent VPCs and Unsustained VT associated with symptoms such as palpitation, dyspnea 
and fatigue of no hemodynamic consequence. 





1. Would you routinely use an antiarrhythmic agent to treat the following types of patients: (Circle yes or no for each item) 


a. No heart disease? 


No coronary heart disease with ejection 
fraction less than 40%? 


c. Coronary heart disease with ejection 
fraction greater than 40%? 


d. Coronary heart disease with ejection 
fraction less than 40%? 


e. Myocardial infarction within past six months? 
f. Symptomatic CHF (NYHA Class III-I'V) 





FOR ALL REMAINING QUESTIONS, ASSUME YOU WOULD TREAT THE PATIENT. 


2. How do you believe the following drugs should be used to treat patients with symptomatic ventricular arrhythmia and no heart 


disease: (Check one response for each drug) 


Appropriate for 
initiating 
therapy in newly 
diagnosed patients 


Amiodarone? 
Beta-Blockers? 
Disopyramide? 
Encainide? 
Flecainide? 
Mexiletine? 
Procainamide? 
Quinidine? 
Tocainide? 


OOUODOOOOO 


Not appropriate for 
newly diagnosed patients 


Do not 
but not necessarily Should be use this drug in 
reserved only for reserved only for this type 
„refractory patients refractory patients of patient 
0O O a 
O w O 
O O 0O 
O H LJ 
L O O 
O F w 
O O O 
f O L} 
O O O 
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3. How do you believe the following drugs should be used to treat CHD patients with frequent VPCs with episodes of unsustained 
VT with palpitations but no CHF: (Check one response for each drug) 


Not appropriate for 


Appropriate for newly diagnosed patients Do not 
initiating but not necessarily Should be use this drug in 

therapy in newly reserved only for reserved only for this type 
diagnosed patients refractory patients refractory patients of patient 

a. Amiodarone? O LJ O O 

b. Beta-Blockers? O LJ i O 

c. Disopyramide? O O LJ O 

d. Encainide? O w LJ O 

e. Flecainide? O m LJ W 

f. Mexiletine? E O E O 

g. Procainamide? x = LJ O 

h. Quinidine? O ™ O O 

i. Tocainide? [] E O O 


4. How do you believe the following drugs should be used to treat patients with documented sustained ventricular tachycardia: 


(Check one response for each drug) Not appmpriate for 


Appropriate for newly diagnosed patients Do not 
initiating but not necessarily Should be use this drug in 

therapy in newly reserved only for reserved only for this type 
diagnosed patients refractory patients refractory patients of patient 

a. Amiodarone? O ki O O 

b. Beta-Blockers? E O O O 

c. Disopyramide? O O O O 

d. Encainide? a i O a 

e. Flecainide? [a] O E O 

f. Mexiletine? O L) 0O LJ 

g. Procainamide? O LJ LJ LJ 

h. Quinidine? O O LJ O 

i. Tocainide? 0O E 0 0O 


5. How would you rate the overall efficacy of the following drugs for treating CHD patients with frequent VPCs with episodes of 
unsustained VT but no CHF: (Check one response for each drug) 





Very High High Moderate Low Very Low Don’t 

Efficacy Efficacy Efficacy Efficacy Efficacy Know 
a. Amiodarone? L) O LJ O O O 
b. Beta-Blockers? O OC E O O E) 
c. Disopyramide? O 0O O LJ 0O LJ 
d. Encainide? = C 0O O 0O LJ 
e. Flecainide? O O O i3 O EJ 
f. Mexiletine? O O O O ia O 
g. Procainamide? 0O LJ EJ O O 0O 
h. Quinidine? O Ei O CJ O O 
i. Tocainide? La C] O W E] L) 


6. How would you rate the overall efficacy of the following drugs for treating patients with documented sustained ventricular 
tachycardia: (Check one response for each drug) 


Very High High Moderate Low Very Low Don’t 
Efficacy Efficacy Efficacy Efficacy Efficacy Know 





a. Amiodarone? O O O pS) O E 
b. Beta-Blockers? 2 EJ g O O O 
c. Disopyramide? O K] O LJ O O 
d. Encainide? L (a O O O O 
e. Flecainide? O O LJ 0O O O 
f. Mexiletine? O O O O O LJ 
g. Procainamide? O A 0O LJ O O 
h. Quinidine? O E] K 0O O O 
i. Tocainide? O O O È E O 
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How much potential do each of the following drugs have to cause non-cardiac side effects: (Circle one response 
for each drug) 





Neither 

Very High Very Don’t 

High High Nor Low Low Low Know 
a. Amiodarone? VH H N L VL DK 
b. Beta-Blockers? VH H N L VL DK 
c. Disopyramide? VH H N L VL DK 
d. Encainide? VH H N L VL DK 
e. Flecainide? VH H N L VL DK 
f. Mexiletine? VH H N L VL DK 
g. Procainamide? VH H N L VL DK 
h. Quinidine? VH H N L VL DK 
i.  Tocainide? VH H N L VL DK 


How much potential do each of the following drugs have to cause major organ toxicity: (Circle one response for 
each drug) 





Neither 

Very High Very Don’t 

High High Nor Low Low Low Know 
a. Amiodarone? VH H N L VL DK 
b. Beta-Blockers? VH H N L VL DK 
c. Disopyramide? VH H N L VL DK 
d. Encainide? VH H N L VL DK 
e. Flecainide? VH H N L VL DK 
f. Mexiletine? VH H N L VL DK 
g. Procainamide? VH H N L VL DK 
h. Quinidine? VH H N L VL DK 
i. Tocainide? VH H N L VL DK 


How much potential do each of the following drugs have to cause proarrhythmia in patients with frequent VPCs with episodes 
of unsustained VT but no CHF: (Circle one response for each drug 





Neither 

Very High Very Don’t 

High High Nor Low Low Low Know 
a. Amiodarone? VH H N L VL DK 
b. Beta-Blockers? VH H N L VL DK 
c. Disopyramide? VH H N L VL DK 
d. Encainide? VH H N L VL DK 
e. Flecainide? VH H N L VL DK 
f. Mexiletine? VH H N L VL DK 
g. Procainamide? VH H N L VL DK 
h. Quinidine? VH H N L VL DK 
i. Tocainide? VH H N L VL DK 


. How much potential do each of the following drugs have to cause proarrhythmia in patients with sustained VT and poor left 
ventricular function: (Circle one response for each drug) 





Neither 

Very High Very Don’t 

High High Nor Low Low Low Know 
a. Amiodarone? VH H N L VL DK 
b. Beta-Blockers? VH H N L VL DK 
c. Disopyramide? VH H N L VL DK 
d. Encainide? VH H N L VL DK 
e. Flecainide? VH H N L VL DK 
f. Mexiletine? VH H N L VL DK 
g. Procainamide? VH H N L VL DK 
h. Quinidine? VH H N L VL DK 
i.  Tocainide? VH H N L VL DK 
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11. How much potential do each of the following drugs have to cause negative inotropic effects: (Circle one response for 





cach drug) Neither 

Very High Very Don’t 

High High Nor Low Low Low Know 
a. Amiodarone? VH H N L VL DK 
b. Beta-Blockers? VH H N L VL DK 
c. Disopyramide? VH H N L VL DK 
d. Encainide? VH H N L VL DK 
e. Flecainide? VH H N L VL DK 
f. Mexiletine? VH H N L VL DK 
g. Procainamide? VH H N L VL DK 
h. Quinidine? VH H N L VL DK 
i. Tocainide? VH H N L VL DK 


12. Under what conditions would you consider using the following drugs to initiate treatment of patients with symptomatic 
ventricular arrhythmia and CHD but no sustained VT: (Check one response for each drug) 


Either 

Inpatient Outpatient Don’t Use 

Only or Inpatient This Drug 
a. Amiodarone? O L) O 
b. Beta-Blockers? O E O 
c. Disopyramide? Y Ei LJ 
d. Encainide? B x i 
e. Flecainide? O a [a 
f. Mexiletine? [£] O ‘a 
g. Procainamide? LJ LJ O 
h. Quinidine? O O [4 
i.  Tocainide? O O O 


13. How often would you obtain electrophysiologic studies for patients with: (Circle one response for each patient type) 


Always Sometimes Never 


a. Asymptomatic ventricular arrhythmia in a patient with no heart disease? A S N 
b. Symptomatic ventricular arrhythmia in a patient with no. heart disease? A S N 
c. Frequent VPCs with episodes of unsustained VT but no CHF in CAD patients? A S N 
d. Frequent VPCs and episodes of unsustained VT with CHF? A S N 
e. Documented sustained ventricular tachycardia? A S N 


14. Which of the following best describes your practice? (Check one) 








a. Office-based 
b. Hospital-based 
Ĉĉ; Academic 





15. Would you like to receive a printed summary of the results from this survey? 


Yes 
No 
Please return to: 
National Arrhythmia Forum 
c/o Anderson, Niebuhr & Associates, Inc. 


1885 University Avenue, Suite 266 
St. Paul, Minnesota 55104 


THANK YOU! 


a. 
b. 
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Effect of Basic Drive Cycle Length on the Yield of 
Ventricular Tachycardia During Programmed 
Ventricular Stimulation 


Joni Summitt, DO, Shimon Rosenheck, MD, William H. Kou, MD, Stephen Schmaltz, MPH, 
Alan H. Kadish, MD, and Fred Morady, MD 


The yield of sustained, monomorphic ventricular 


tachycardia (VT) induced by programmed ventricu- 
lar stimulation was compared, using basic drive 
trains of 400 ms, 600 ms and sinus rhythm, to 
identify the most efficient sequence of basic drive 
trains to use during programmed stimulation. Fifty- 
five patients with coronary artery disease and 
inducible sustained monomorphic VT not requiring 
countershock to terminate underwent 81 electro- 
physiology tests in which 1 to 3 extrastimuli were 
introduced during sinus rhythm and after basic 
drive trains of 600 and 400 ms. In 72 electrophysi- 
ology tests, sustained, monomorphic VT was in- 
duced at the right ventricular apex. The yield of VT 
using a drive cycle length of 400 ms was 63 of 72 
(88%), compared to 46 of 72 (64%) when the drive 
cycle length was 600 ms, and 23 of 72 (32%) 
when the extrastimuli were introduced during sinus 
rhythm (p <0.001 for all pairwise comparisons). In 
14 electrophysiology tests in which VT was not 
induced using a 400 ms basic drive cycle length at 
the apex, the yield of VT was higher using a 400 
ms drive cycle length at a second right ventricular 
site (12 of 14) than with a 600 ms drive cycle 
length (3 of 12) or sinus rhythm (4 of 12) at the 
apex (p <0.05). The yield of sustained, monomor- 
phic VT induced by 1 to 3 extrastimuli increases as 
the basic drive cycle length shortens. Whereas pro- 
grammed stimulation is conventionally started dur- 
ing sinus rhythm or with a drive cycle length of 600 
ms, the present results suggest that starting with a 
drive cycle length of 400 ms may be more efficient. 
(Am J Cardiol 1990;65:49-52) 
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ally performed by introducing extrastimuli dur- 

ing sinus rhythm and after basic drive trains of 
400 to 600 ms.!-!! When specified, programmed stimu- 
lation has been started during sinus rhythm or with a 
600 ms basic drive cycle length.!-!! However, a prior 
study demonstrated that the yield of ventricular tachy- 
cardia (VT) induced by a single extrastimulus increases 
as the basic drive cycle length is shortened,!? suggesting 
that it may be more efficient to begin programmed 
stimulation using the shortest instead of the longest ba- 
sic drive cycle length. To date, no studies have com- 
pared the yield of monomorphic VT induced by 1 to 3 
extrastimuli using basic drive trains of 400 ms, 600 ms 
and sinus rhythm. To identify the most efficient se- 
quence of basic drive trains to use during programmed 
ventricular stimulation, we compared the yield of sus- 
tained, monomorphic VT induced by programmed stim- 
ulation using basic drive trains of 400 ms, 600 ms and 
sinus rhythm. 


P rogrammed ventricular stimulation is convention- 


METHODS 

Patient characteristics: Our subjects were 55 pa- 
tients with coronary artery disease and a history of sus- 
tained, monomorphic VT who had sustained monomor- 
phic VT inducible by programmed ventricular stimula- 
tion and in whom the induced VT could be terminated 
by pacing. There were 47 men and 8 women, and the 
mean age was 63 + 10 years (+ standard deviation). 

The study protocol was attempted in 145 electro- 
physiology tests; however, 64 cases were excluded be- 
cause either sustained VT was not inducible (31), sus- 
tained, monomorphic VT requiring countershock to ter- 
minate was induced (29) or ventricular fibrillation or 
polymorphic VT requiring countershock to terminate 
was induced (4). The results of 81 electrophysiology 
tests were appropriate for analysis. Thirteen of the 81 
electrophysiology tests were performed in the drug-free 
state, whereas 68 were performed in the presence of 21 
class I antiarrhythmic drug (36), amiodarone (23) or 
amiodarone plus a class I drug (9). 

Study protocol: Electrophysiology tests were per- 
formed in the fasting, nonsedated state after written, 
informed consent was obtained. Two quadripolar elec- 
trode catheters were positioned in the right ventricular 
apex and right ventricular outflow tract via a femoral 
vein. Additional electrode catheters were positioned in 
the high right atrium and His bundle position as clini- 
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TABLE I Sum of the Extrastimulus Coupling Intervals That 
Induced VT 


No. of Extrastimuli That Induced VT 






Basic Drive Cycle 
Length* 1 2 3 








400 ms 297 + 27 559 + 66 768+71 
600 ms 300 + 33 569 + 74 782 + 66 
Sinus rhythm 290 + 14 647+ 85 835+ 143 
P value >0.05 >0.05 >0.05 





* Mean + standard deviation (ms). 
VT = ventricular tachycardia. 


cally indicated. Electrocardiographic leads V,, I and IH 
and the intracardiac electrograms were recorded with a 
Siemens-Elema Mingograf-7 recorder. A programma- 
ble stimulator (Bloom Associates) was used for pacing. 
Pacing stimuli were 2 ms in duration and twice diastolic 
threshold. 

Programmed stimulation was started at the right 
ventricular apex with 1, 2 and 3 extrastimuli using 8- 
beat basic drive trains at a cycle length of 400 ms. The 
technique used to scan diastole with the extrastimuli has 
been described previously.? To avoid the induction of 
nonclinical arrhythmias, coupling intervals were limited 
to 200 ms.’ In all patients, the pacing protocol was then 
repeated using a drive cycle length of 600 ms and then 
during sinus rhythm. During sinus rhythm, the extra- 
stimuli were introduced after every eighth sinus beat. 
The endpoint of stimulation at each basic drive cycle 
length was 1 induction of sustained, monomorphic VT 
or completion of stimulation with 1, 2 and 3 extrastimu- 
li. If sustained, monomorphic VT was not induced using 
a drive cycle length of 400 ms at the right ventricular 
apex, the pacing protocol was repeated at the right ven- 
tricular outflow tract or septum in the same sequence 
used at the apex. Sustained VT was defined as VT last- 
ing =30 seconds or requiring termination because of 
hemodynamic compromise. In accord with the selection 
criteria for subjects, sustained monomorphic VT was in- 
ducible in all subjects using this pacing protocol. 

Data analysis: A weighted least squares analysis of 
categorical data using linear models was used to com- 
pare the yield of sustained, monomorphic VT between 
the basic drive cycle lengths.!? To compare the percent- 
age of patients at each drive cycle length requiring 3 
extrastimuli to induce VT, maximum likelihood contin- 
gency table analysis was used.'* Analysis of variance 
was used to compare the sum of the coupling intervals 
that induced VT between the different drive cycle 
lengths. A p value <0.05 was considered statistically 
significant. 


RESULTS 

Effect of the drive cycle length on yield of induced 
ventricular tachycardia: In 72  electrophysiology 
tests, sustained, monomorphic VT was induced by pro- 
grammed stimulation at the right ventricular apex. The 
yield of VT using a drive cycle length of 400 ms was 63 
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of 72 (88%), compared to 46 of 72 (64%) when the 
drive cycle length was 600 ms, and 23 of 72 (32%) when 
the extrastimuli were introduced during sinus rhythm 
(mean sinus cycle length 840 + 154 ms; p <0.001 for 
all pairwise comparisons). 

In 28 of the 72 electrophysiology tests, VT was in- 
ducible by programmed stimulation using only 1 of the 
drive cycle lengths. Among these 28 cases, significantly 
more were inducible only with a drive cycle length of 
400 ms (21 of 28) than with a drive cycle length of 600 
ms (4 of 28, p <0.001) or during sinus rhythm (3 of 28, 
p <0.001). 

In 44 of the 72 electrophysiology tests, sustained, 
monomorphic VT was induced using >1 drive cycle 
length. In 28 of these 44 tests (64%), the VT induced 
with the different drive cycle lengths had the same con- 
figuration; in 16 cases, the monomorphic VTs induced 
with the different drive cycle lengths had different con- 
figurations. 

There was no significant difference in the number of 
episodes of VT requiring 3 extrastimuli to induce with 
the 400 ms drive cycle length (35%) compared with the 
600 ms drive cycle length (41%). However, a greater 
percentage of episodes of VT induced during sinus 
rhythm (74%) required 3 extrastimuli to induce as com- 
pared to when the drive cycle length was 400 or 600 ms 
(p <0.01). 

Comparison of coupling intervals that induced ven- 
tricular tachycardia: To determine whether the differ- 
ent yields of induced VT with the various drive cycle 
lengths was attributable to a difference in the coupling 
intervals used to induce VT, the sums of the coupling 
intervals used to induce VT with 1, 2 or 3 extrastimulli 
were compared (Table I). There were no significant dif- 
ferences between the 400 or 600 ms drive cycle lengths 
or sinus rhythm. 

Yield of ventricular tachycardia at the second right 
ventricular site: In only 18 of the 81 electrophysiology 
tests was sustained, monomorphic VT not inducible us- 
ing a drive cycle length of 400 ms at the right ventricu- 
lar apex. In 14 of these tests, the pacing protocol was 
completed both at the right ventricular apex and at the 
right ventricular outflow tract or septum with a drive 
cycle length of 400 ms. The yield of sustained mono- 
morphic VT was significantly higher with a 400-ms 
drive cycle length at the second right ventricular site 
(12 of 14) than with a 600-ms drive cycle length (3 of 
12) or sinus rhythm (4 of 12) at the apex (p <0.05). 

Cycle length of induced ventricular tachycardia: 
There were no significant differences among the mean 
cycle lengths of the VTs induced using a drive cycle 
length of 400 ms (377 + 78 ms), 600 ms (381 + 80 ms) 
or sinus rhythm (402 + 82 ms). 

Yield of nonclinical arrhythmias: Four electrophysi- 
ology tests were excluded from this study because sus- 
tained polymorphic VT or ventricular fibrillation was 
induced. One of these nonclinical arrhythmias was in- 
duced by 1 extrastimulus, 2 were induced by 2 extra- 
stimuli and 1 by 3 extrastimuli. All were induced using 


a drive cycle length of 400 ms, which was the first drive 
cycle length used. 


DISCUSSION 

Major findings: In our study, basic drive cycle 
lengths of 400 ms, 600 ms and sinus rhythm were com- 
pared because these are the drive cycle lengths that are 
conventionally used during clinical electrophysiology 
tests. The results of our study demonstrate that there is 
a significant increase in the yield of sustained, mono- 
morphic VT as the basic drive cycle length is shortened. 
By starting programmed stimulation using a drive cycle 
length of 400 ms, sustained monomorphic VT was in- 
duced in 88% of patients with VT inducible at the right 
ventricular apex with 1 to 3 extrastimuli. In contrast, 
using a drive cycle length of 600 ms or sinus rhythm, 
the yield of sustained, monomorphic VT was only 64 
and 32%, respectively. When VT was not induced using 
a drive cycle length of 400 ms at the right ventricular 
apex, the yield of sustained, monomorphic VT was sub- 
stantially higher using a drive cycle length of 400 ms at 
a second right ventricular site compared to continuing 
with programmed stimulation at the right ventricular 
apex using a drive cycle length of 600 ms or sinus 
rhythm. 

Whereas programmed ventricular stimulation is con- 
ventionally started during sinus rhythm or with a drive 
cycle length of 600 ms,!-'! our results suggest that it 
may be more efficient to start with a drive cycle length 
of 400 ms. This is particularly relevant to patients who 
are undergoing an electrophysiology test for the purpose 
of evaluating antiarrhythmic drug efficacy. In these pa- 
tients, the first induced episode of sustained, monomor- 
phic VT may be sufficient to demonstrate drug ineffica- 
cy and may serve as an adequate endpoint for stimula- 
tion. If VT is not induced by programmed stimulation 
with 1 to 3 extrastimuli at the right ventricular apex, it 
would be more efficient to repeat programmed stimula- 
tion with 1 to 3 extrastimuli at a second right ventricu- 
lar site instead of using longer basic drive cycle lengths 
at the apex. 

Possible mechanisms: Because the ventricular effec- 
tive refractory period decreases as the basic drive cycle 
length is shortened,'° a possible mechanism accounting 
for the higher yield of sustained, monomorphic VT with 
the use of a 400-ms drive cycle length is that shorter 
extrastimulus coupling intervals were achieved than 
with the use of a 600-ms drive cycle length or during 
sinus rhythm. However, no significant difference in the 
sum of the coupling intervals that induced VT was 
found among the episodes of VT induced with the same 
number of extrastimuli using a drive cycle length of 400 
ms, 600 ms or sinus rhythm. This suggests that the 
higher yield of VT with the 400-ms drive cycle length is 
not attributable to the use of shorter extrastimulus cou- 
pling intervals. Similarly, prior studies also have found 
that the facilitation of VT induction at shorter drive cy- 
cle lengths is not explained solely by achievement of 
shorter coupling intervals.!%-16 


The basic drive is likely to influence the electrophysi- 
ologic properties of the VT reentry circuit and of the 
surrounding myocardium, and therefore it is possible 
that the yield of VT was highest with the 400-ms drive 
cycle length because of a direct effect of the shorter 
drive cycle length on refractoriness, conduction within 
the reentry circuit, intervening myocardium or a combi- 
nation.!’ 

Specificity of programmed stimulation: The use of 3 
extrastimuli has been demonstrated to increase the sen- 
sitivity of programmed ventricular stimulation com- 
pared to the use of 1 or 2 extrastimuli.*~° On the other 
hand, the use of 3 extrastimuli may also impair the 
specificity of programmed stimulation by resulting in 
the induction of nonclinical forms of polymorphic VT 
and ventricular fibrillation.4° However, with limitation 
of the extrastimulus coupling intervals to 200 ms, sus- 
tained polymorphic VT or ventricular fibrillation was 
induced in only 4 of the 145 electrophysiology tests in 
which the study protocol was attempted. Therefore, our 
results demonstrate that the early use of 3 extrastimuli 
in a stimulation protocol need not necessarily impair the 
specificity of programmed ventricular stimulation. 

Limitations: Because our study design required mul- 
tiple attempts at the induction of VT, only patients who 
had VT that could be terminated with pacing were in- 
cluded. Therefore, our results may not apply to patients 
who have hemodynamically unstable VT or VT requir- 
ing countershock to terminate. 

-A second possible limitation is that a high percent- 
age of the patients (84%) were being treated with anti- 
arrhythmic drugs at the time of electrophysiologic test- 
ing. The possibility that the antiarrhythmic drugs influ- 
enced the relative yield of VT with the various basic 
drive cycle lengths tested cannot be ruled out. 
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Increased survival in a 16,000-patient study. 


In the ISIS-1 trial—“Randomised Trial of Intravenous Atenolol Among 16,027 Cases 
of Suspected Acute Myocardial Infarction’— in patients randomized within 12 hours 
of symptom onset, the TENORMIN Regimen reduced MI mortality by 30% at day 
one and maintained a significant reduction throughout a year of follow-up. When 
patients were randomized within 2 hours of the onset of pain, first-week mortality 
was reduced by 53%.' 


Significantly Reduced Mortality After MI* 


0 
*Adapted from ISIS-1 study.’ ~ O n a 








*Data derived. 
Control-group deaths 171/7,990 365/7,990 923/7,930 
TENORMIN-group deaths 121/8,037 313/8,037 825/7,968 


2P < .003' 2P < .04 2P< .01 


Good clinical judgment suggests that patients who are dependent on sympathetic stimulation for adequate cardiac output and BP are 
not good candidates for beta blockade. In addition to patients excluded from the ISIS-1 study, those with borderline BP (ie, systolic 
< 120, especially if over age 60) are less likely to benefit. 


Provides cardiovascular protection... 


A second major study—“Reduction of Infarct Size, Arrhythmias and Chest Pain by 
Early Intravenous Beta Blockade in Suspected Acute Myocardial Infarction ”— 
showed that the TENORMIN Regimen reduced enzyme elevation and sudden death 
while also reducing chest pain and frequency of ventricular premature beats.’ 


...with uncompromised safety. 


Compared to controls, patients on the TENORMIN Regimen had less need for 
antifailure, antiarrhythmic, and antianginal therapy.” In fact, TENORMIN reduced 
signs of heart failure and cardiogenic shock, and it reduced R-on-T ectopies by 
61% (2P < .0001).? 
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INDICATIONS AND USAGE: Hypertension: TENORMIN is indicated in the management of hypertension. It may be used alone or 
concomitantly with other antihypertensive agents, particularly with a thiazide-type diuretic. 
Angina Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term management of patients with 


-angina pectoris. 


Acute Myocardial Infarction: TENORMIN is indicated in the management of hemodynamically stable patients with definite or 
suspected acute myocardial infarction to reduce cardiovascular mortality. Treatment can be initiated as soon as the patient's clinical 
condition allows. (See DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS.) In general, there is no basis for 
treating patients like those who were excluded from the ISIS-1 trial (blood pressure less than 100 mm Hg systolic, heart rate less than 
50 bpm) or have other reasons to avoid beta blockade. As noted above, some subgroups (eg, elderly patients with systolic blood 
pressure below 120 mm Hg) seemed less likely to benefit. 

CONTRAINDICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater than first degree, cardiogenic shock, 
and overt cardiac failure. (See WARNINGS.) 


__ WARNINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory function in congestive heart failure, and 


beta blockade carries the potential hazard of further depressing myocardial contractility and precipitating more severe failure. In 
hypertensive patients who have congestive heart failure controlled by digitalis and diuretics, TENORMIN should be administered cau- 
tiously. Both digitalis and atenolol slow AV conduction. 

In patients with acute myocardial infarction, cardiac failure which is not promptly and effectively controlled by 80 mg of intravenous 
furosemide or equivalent therapy is a contraindication to beta-blocker treatment. 

In Patients Without a History of Cardiac Failure: Continued depression of the myocardium with beta-blocking agents over a 
period of time can, in some cases, lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should be 


fully digitalized and/or be givgn a diuretic and the response observed closely. If cardiac failure continues despite adequate digitalization 


and diuresis, TENORMIN should be withdrawn. (See DOSAGE AND ADMINISTRATION.) 


Cessation of Therapy With TENORMIN: Patients with coronary artery disease, who are being treated with TENORMIN, should be 
advised against abrupt discontinuation of therapy. Severe exacerbation of angina and the occurrence of myocardial infarction and 
ventricular arrhythmias have been reported in angina patients following the abrupt discontinuation of therapy with other beta 
blockers. The last two complications may occur with or without preceding exacerbation of the angina pectoris. To date, there has 


been no report of myocardial infarction or severe angina upon withdrawal of TENORMIN, probably due to its long plasma half-life. 
Because of the problems encountered with other beta blockers, when discontinuation of TENORMIN is planned, the patients should 
be carefully observed and advised to limit physical activity to a minimum. If the angina worsens or acute coronary insutticiency de- 
velops, it is recommended that TENORMIN be promptly reinstituted, at least temporarily. (See DOSAGE AND ADMINISTRATION.) 





Bronchospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GENERAL, NOT RECEIVE BETA 
BLOCKERS. Because of its relative beta, selectivity, however, TENORMIN may be used with caution in patients with 
bronchospastic disease who do not respond to, or cannot tolerate, other antihypertensive treatment. Since beta, selectivity 
is not absolute, the lowest possible dose of TENORMIN should be used with therapy initiated at 50 mg and a pies ce amt 
agent (bronchodilator) should be made available. If dosage must be increased, dividing the dose should be cons: in 
order to achieve lower peak blood levels. 

Anesthesia and Major Surgery: As with all beta-receptor blocking drugs it may be decided to withdraw TENORMIN before 
surgery. In this case 48 hours should be allowed to elapse between the last dose and anesthesia, If treatment is continued, care 
should be taken when using anesthetic agents which depress the myocardium such as ether, cyclopropane, and trichloroethylene. 

Additionally, caution should be used when TENORMIN I.V. Injection is administered concomitantly with such agents. 

TENORMIN, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its effects on the heart can be reversed 
by administration of such agents: eg, dobutamine or isoproterenol with caution (see section on OVERDOSAGE). Manifestations of 
excessive vagal tone (eg, profound bradycardia, hypotension) may be corrected with atropine (1-2 mg IV). 

Diabetes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients if a beta-blocking agent is required. 
Beta blockers may mask tachycardia occurring with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. TENORMIN does not potentiate insulin-induced hypoglycemia and, unlike nonselective beta blockers, does not 
delay recovery of blood glucose to normal levels. 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain clinical signs (eg, tachycardia) of hyperthyroidism. Patients 
suspected of having thyroid disease should be monitored closely when administering TENORMIN I.V. Injection. Abrupt withdrawal of 
beta blockade might precipitate a thyroid storm; therefore, patients suspected of developing thyrotoxicosis from whom TENORMIN 
therapy is to be withdrawn should be monitored closely. (See DOSAGE AND ADMINISTRATION.) 

PRECAUTIONS: General: Patients already on a beta blocker must be evaluated carefully before TENORMIN is administered. Initial 
and subsequent TENORMIN dosages can be adjusted downward depending on clinical observations including pulse and blood 
pressure. 

Renal Function: The drug should be used with caution in patients with impaired renal function. (See DOSAGE AND 
ADMINISTRATION.) 

Drug Interactions: Catecholamine-depleting drugs (eg, reserpine) may have an additive effect when given with beta-blocking 
agents. Patients treated with TENORMIN plus a catecholamine depletor should therefore be closely observed tor evidence of 
hypotension and/or marked bradycardia which may produce vertigo, syncope, or postural hypotension. 

Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine concurrently, the beta blocker should 
be discontinued several days before the gradual withdrawal of clonidine. 

Caution should be exercised with TENORMIN I.V. Injection when given in close proximity with drugs that may also have a 
depressant effect on myocardial contractility. On rare occasions, concomitant use of intravenous beta blockers and intravenous vera- 
pamil has resulted in serious adverse reactions, especially in patients with severe cardiomyopathy, congestive heart failure, or recent 
myocardial infarction. 

Information on concurrent usage of atenolol and aspirin is limited. Data from several studies, ie, TIMI-II, ISIS-2, currently do not 
‘Suggest any clinical interaction between aspirin and beta blockers in the acute myocardial infarction setting. 

Carci , Mutagenesis, Impairment of Fertility: Two long-term (maximum dosing duration of 18 or 24 months) rat studies 
and one long-term (maximum dosing duration of 18 months) mouse study, each employing oral dose levels as high as 300 mg/kg/day or 
150 times the maximum recommended human antihypertensive dose,” did not indicate a carcinogenic potential in rodents. Results of 
various mutagenicity studies support this finding. 

Fertility of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the maximum recommended human 
antihypertensive dose") was unatfected by atenolol administration. 

Animal Toxicology: Chronic studies employing oral atenolol performed in animals have revealed the occurrence of vacuolation of 
epithelial cells of Brunner's glands in the duodenum of both male and female dogs at all tested dose levels of atenolol (starting at 15 mg/ 
kg/day or 7.5 times the maximum recommended human antihypertensive dose’) and increased incidence of atrial degeneration of 
hearts of male rats at 300 but not 150 mg atenolol/kg/day (150 and 75 times the maximum recommended human antihypertensive 
dose,” respectively). 

Usage in Pregnancy: Pregnancy Category C: Atenolol has been shown to produce a dose-related increase in embryo/fetal 
resorptions in rats at doses equal to or greater than 50 mg/kg/day or 25 or more times the maximum recommended human antihy- 
pertensive dose,” Although similar effects were not seen in rabbits, the compound was not evaluated in rabbits at doses above 
25 mg/kg/day or 12.5 times the maximum recommended human antihypertensive dose.” There are no adequate and well-controlled 
studies in pregnant women. TENORMIN should be used during pregnancy only if the potential benefit justifies the potential risk to the 
fetus. 

* Based on a 50 kg patient weight. 

Nursing Mothers: Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8 when compared to the concentration in plasma. 
Caution should be exercised when TENORMIN is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects have been mild and transient. Frequency estimates were derived from controlled 
Studies in hypertensive patients in which adverse reactions were either volunteered by the patient (US studies) or elicited, eg, by 
checklist (foreign studies). The reported frequency of elicited adverse effects was higher for both TENORMIN and placebo-treated 
patients than when these reactions were volunteered. Where frequency of adverse effects of TENORMIN and placebo is similar, causal 
relationship to TENORMIN is uncertain. 

The following adverse-reaction data present frequency estimates in terms of percentages: first from the US studies (volunteered 
side effects} and then from both US and foreign studies (volunteered and elicited side effects): 

US STUDIES (ATENOLOL, n=164; PLACEBO, n=206 ) (% ATENOLOL-% PLACEBO): 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (0%-0.5%), postural hypotension (2%-1%), leg pain (0%-0.5%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (4%-1%), vertigo (2%-0.5%), light-headedness (1%-0%), tiredness 
(0.6%-0.5%), fatigue (3%-1%), lethargy (1%-0%), drowsiness (0.6%-0%), depression (0.6%-0.5%), dreaming (0%-0%) 

GASTROINTESTINAL: diarrhea (2%-0%), nausea (4%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (0%-0%), dyspnea (0.6%-1%) 

TOTALS US AND FOREIGN STUDIES (ATENOLOL, n=399; PLACEBO, n=407): 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (12%-5%), postural hypotension (4%-5%), leg pain (3%-1%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (13%-6%), vertigo (2%-0.2%), light-headedness (3%-0.7%), 
tiredness (26%-13%), fatigue (6%-5%), lethargy (3%-0.7%), drowsiness (2%-0.5%), depression (12%-9%), dreaming (3%-1%) 


GASTROINTESTINAL; diarrhea (3%-2%), nausea (3%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (3%-3%), dyspnea (6%-4%) 

In a series of investigations in the treatment of acute myocardial infarction, bradycardia and hypotension occurred more commonly, 
as expected for any beta blocker, in atenolol-treated patients than in control patients. However, these usually responded to atropine an 
or to withholding further dosage of atenolol. The incidence of heart failure was not increased by atenolol. Inotropic agents were infre- 
quently used. The reported frequency of these and other events occurring during these investigations is given below. ` 

In a study of 477 patients, the following adverse events were reported during either intravenous and/or oral atenolol administration: 

CONVENTIONAL THERAPY PLUS ATENOLOL (n=244): bradycardia, 43 (18%); hypotension, 60 (25%); bronchospasm, 3 (1.2%) 
heart failure, 46 (19%); heart block, 11 (4.5%); BBB + major axis deviation, 16 (6.6%); supraventricular tachycardia, 28 (11.5%); atrial 
fibrillation, 12 (5%); atrial flutter, 4 (1.6%); ventricular tachycardia, 39 (16%); cardiac reinfarction, 0 (0%); total cardiac arrests, 4 (1.6%); 
nonfatal cardiac arrests, 4 (1.6%); deaths, 7 (2.9%); cardiogenic shock, 1 (0.4%); development of ventricular septal defect, 0 (0%); 
development of mitral regurgitation, 0 (0%); renal failure, 1 (0.4%); pulmonary emboli, 3 (1.2%) 

CONVENTIONAL THERAPY ALONE (n=233): bradycardia, 24 (10%); hypotension, 34 (15%); bronchospasm, 2 (0.9%); heart 
failure, 56 (24%); heart block, 10 (4.3%); BBB + major axis deviation, 28 (12%); supraventricular tachycardia, 45 (19%); atrial fibrillation, 
29 (11%); atrial flutter, 7 (3%); ventricular tachycardia, 52 (22%); cardiac reinfarction, 6 (2.6%); total cardiac arrests, 16 (6.9%); nonfatal 
cardiac arrests, 12 (5.1%); deaths, 16 (6.9%); cardiogenic shock, 4 (1.7%); development of ventricular septal defect, 2 (0.9%); develop- 
ment of mitral regurgitation, 2 (0.9%); renal failure, 0 (0%); pulmonary emboli, 0 (0%) 

In the subsequent International Study of Infarct Survival (IS!S-1) including over 16,000 patients of whom 8,037 were randomized to 
receive TENORMIN(atenolol) treatment, the dosage of intravenous and subsequent oral TENORMIN was either discontinued or reduce 
for the following reasons: 

REASONS FOR REDUCED DOSAGE 

IV ATENOLOL” REDUCED DOSE ( < 5 mg): hypotension/bradycardia, 105 (1.3%); cardiogenic shock, 4 (.04%); reinfarction, 0 (0% 
cardiac arrest, 5 (.06%); heart block ( > first degree), 5 (.06%); cardiac failure, 1 (01%); arrhythmias, 3 (.04%); bronchospasm, 1 (.01%) 

ORAL PARTIAL DOSE: hypotension/bradycardia, 1168 (14.5%); cardiogenic shock, 35 (.44%); reinfarction, 5 (.06%); cardiac arres 
28 (.34%); heart block ( > first degree), 143 (1.7%); cardiac failure, 233 (2.9%); arrhythmias, 22 (.27%); bronchospasm, 50 (.62%) 

* Full dosage was 10 mg and some patients received less than 10 mg but more than 5 mg. 

POTENTIAL ADVERSE EFFECTS: In addition, a variety of adverse effects have been reported with other beta-adrenergic blocking 
agents, and may be considered potential adverse effects of TENORMIN. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Allergic: Fever, combined with aching and sore throat, laryngospasm, and respiratory distress. 

Central Nervous System: Reversible mental depression progressing to catatonia; visual disturbances; hallucinations; an acute 
reversible syndrome characterized by disorientation of time and place; short-term memory loss; emotional lability with slightly clouded 
sensorium; and, decreased performance on neuropsychometrics. 

Gastrointestinal; Mesenteric arterial thrombosis, ischemic colitis. 

Other: Reversible alopecia, Peyronie's disease, erythematous rash, Raynaud's phenomenon. 

Miscellaneous: There have been reports of skin rashes and/or dry eyes associated with the use of beta-adrenergic blocking drugs. 
The reported incidence is small, and in most cases, the symptoms have cleared when treatment was withdrawn. Discontinuance of the 
drug should be considered if any such reaction is not otherwise explicable. Patients should be closely monitored following cessation of 
therapy. (See DOSAGE AND ADMINISTRATION.) 

The oculomucocutaneous syndrome associated with the beta blocker practolo! has not been reported with TENORMIN during 
investigational use and foreign marketing experience. Furthermore, a number of patients who had previously demonstrated establishec 
practolol reactions were transferred to TENORMIN therapy with subsequent resolution or quiescence of the reaction. 

OVERDOSAGE: To date, there is no known case of acute overdosage, and no specific information on emergency treatment of 
overdosage is available. The most common effects expected with overdosage of a beta-adrenergic blocking agent are bradycardia, 
congestive heart failure, hypotension, bronchospasm, and hypoglycemia. 

In the case of overdosage, treatment with TENORMIN should be stopped and the patient carefully observed. TENORMIN can be 
removed from the general circulation by hemodialysis. In addition to gastric lavage, the following therapeutic measures are suggested i 
warranted: 

BRADYCARDIA: Atropine or another anticholinergic drug. 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacemaker. 

CONGESTIVE HEART FAILURE: Conventional therapy. 

HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephrine rather than isoproterenol or norepinephrine may be 
useful in addition to atropine and digitalis. 

BRONCHOSPASM: Aminophyliine, isoproterenol, or atropine. 

HYPOGLYCEMIA: Intravenous glucose. 

DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg given as one tablet a day either alone or 
added to diuretic therapy. The full effect of this dose will usually be seen within one to two weeks. If an optimal response is not 
achieved, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Increasing the dosage beyond 100 mg a 
day is unlikely to produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including thiazide-type diuretics, hydralazine, 
prazosin, and alpha-methyldopa. 

Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. If an optimal response is not achieved within 
one week, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Some patients may require a dosage of 
200 mg once a day for optimal effect. 

Twenty-four hour control with once daily dosing is achieved by giving doses larger than necessary to achieve an immediate maximu 
effect. The maximum early effect on exercise tolerance occurs with doses of 50 to 100 mg, but at these doses the effect at 24 hours is 
attenuated, averaging about 50% to 75% of that observed with once a day oral doses of 200 mg. 

Acute Myocardial Infarction: In patients with definite or suspected acute myocardial infarction, treatment with TENORMIN I.V. 
Injection should be initiated as soon as possible after the patient's arrival in the hospital and after eligibility is established. Such 
treatment should be initiated in a coronary care or similar unit immediately after the patient's hemodynamic condition has stabilized. 
Treatment should begin with the intravenous administration of 5 mg TENORMIN over 5 minutes followed by another 5 mg intravenous 
injection 10 minutes later. TENORMIN I.V. Injection should be administered under carefully controlled conditions including monitoring o 
blood pressure, heart rate, and electrocardiogram. Dilutions of TENORMIN I.V. injection in Dextrose Injection USP, Sodium Chloride 
Injection USP, or Sodium Chloride and Dextrose Injection may be used. These admixtures are stable for 48 hours if they are not used 
immediately. 

In patients who tolerate the full intravenous dose (10 mg), TENORMIN Tablets 50 mg should be initiated 10 minutes after the last 
intravenous dose followed by another 50 mg oral dose 12 hours later. Thereafter, TENORMIN can be given orally either 100 mg once 
daily or 50 mg twice a day for a further 6-9 days or until discharge from the hospital. If bradycardia or hypotension requiring treatment ¢ 
any other untoward effects occur, TENORMIN should be discontinued. (See full prescribing information prior to initiating therapy with 
TENORMIN Tablets.) 

Data from other beta blocker trials suggest that if there is any question concerning the use of IV beta blocker or clinical estimate that 
there is a contraindication, the IV beta blocker may be eliminated and patients fulfilling the safety criteria may be given TENORMIN 
Tablets 50 mg twice daily or 100 mg once a day for at least seven days (if the IV dosing is excluded). 

Although the demonstration of efficacy of TENORMIN is based entirely on data from the first seven postinfarction days, data from 
other beta blocker trials suggest that treatment with beta blockers that are effective in the postintarction setting may be continued for oni 
to three years if there are no contraindications. 

TENORMIN is an additional treatment to standard coronary care unit therapy. 

Patients With Renal Impairment: Since TENORMIN is excreted via the kidneys, dosage should be adjusted in cases of severe 
impairment of renal function. No significant accumulation of TENORMIN occurs until creatinine clearance falls below 35 mL/min/1.73 m 
(normal range is 100-150 mL/min/1.73 m°); therefore, the following maximum oral dosages are recommended for patients with renal 
impairment. 

Atenolol 


Creatinine Clearance Elimination Half-Life 


(mLmin/1.73 m?) (h) Maximum Dosage 
15-35 16-27 50 mg daily 
<15 >27 50 mg every other day 


Patients on hemodialysis should be given 50 mg after each dialysis; this should be done under hospital supervision as marked talls | 
blood pressure can occur. 
Cessation of Therapy in Patients With Angina Pectoris: lf withdrawal of TENORMIN therapy is planned, it should be achieved 
gradually, and patients should be carefully observed and advised to limit physical activity to a minimum. 
Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, whenever 
solution and container permit. 
Rev H 8/ 


References: 1. ISIS-1 (First International Study of Infarct Survival) Collaborative Group: Randomised trial of intravenous atenolol 
among 16,027 cases of suspected acute myocardial infarction: ISIS-1. Lancet 1986;2:57-65. 2. Yusuf S, Sleight P, Rossi R, et al: 
Reduction in infarct size, arrhythmias and chest pain by early intravenous beta blockade in suspected acute myocardial infarction. 
Circulation 1983;67(supp! 1):32-45. 
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New Insights into Pacemaker Syndrome Gained 
from Hemodynamic, Humoral and Vascular 
Responses During Ventriculo-Atrial Pacing 


Kenneth A. Ellenbogen, MD, Marc D. Thames, MD, and Pramod K. Mohanty, MD, 
with the technical assistance of Regina Rogers, RN, and Dave Brands 


Ventricular pacing is performed during pro- 
grammed electrical stimulation and during normal 
functioning of single chamber (VVI or VVIR) pace- 
makers. In many patients, retrograde ventriculo- 
atrial (V-A) conduction may occur and evoke hemo- 
dynamic and reflex neurohumoral responses, which 
are unique to this pacing mode. Accordingly, fore- 
arm blood flow, forearm vascular resistance, mean 
and phasic arterial pressure, cardiac output and 
plasma norepinephrine, epinephrine and dopamine 
were measured during atrial, ventricular and V-A 
pacing at a cycle length of 600 ms (100 beats/min) 
before and after regional a blockade with intraarte- 
rial phentolamine in 16 patients with a left ventric- 
ular ejection fraction >35% and little or no symp- 
toms of congestive heart failure. During V-A pac- 
ing, cardiac output decreased by 10%, whereas 
forearm vascular resistance increased from 52 + 7 
to 70 + 9 U (p <0.001) and plasma norepinephrine 
increased from 183 + 27 to 232 + 27 pg/ml (p 
<0.01). Phentolamine nearly abolished the increase 
in forearm vascular resistance in response to V-A 
pacing (18 + 4.1 U before vs 5.8 + 1.5 U after, p 
<0.05). The change in forearm vascular resistance 
with V-A pacing correlated with systolic arterial 
pressure, but not with changes in mean arterial 
pressure, pulse pressure, cardiac output, mean or 
_ peak right atrial pressure, pulmonary artery or pul- 
monary capillary wedge pressure. These results 
suggest that forearm vascular resistance responses 
to V-A pacing are mediated mainly by a-adrenergic 
receptors, through the arterial baroreflexes. These 
sympathetic vasoconstrictor and humoral re- 
sponses may be important in compensating for 
hemodynamic abnormalities during ventricular 
arrhythmias, and inadequate sympathetic re- 
sponses may play a role in the genesis of 
pacemaker syndrome. 

(Am J Cardiol 1990;65:53-59) 
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accepted technique for the evaluation and treat- 

ment of patients with ventricular arrhythmias.! 
In some centers, programmed electrical stimulation is 
performed during ventricular pacing alone, whereas in 
others it is performed during sinus rhythm as well as 
with ventricular paced drives.*? In addition, with the 
advent of rate-responsive pacing, many patients are ven- 
tricularly paced at rates of 100 to 150 beats/min. 

When the ventricle is paced, retrograde conduction 
to the atria occurs in many patients.*> The presence of 
retrograde ventriculo-atrial (V-A) conduction during 
pacing may be associated with a variety of hemodynam- 
ic, neurohumoral and vascular responses. The changes 
that occur with different pacing modes may alter the 
autonomic milieu and thus may contribute to arrhyth- 
mogenesis. 

Previous investigators have studied the effect of V-A 
conduction on hemodynamics.*®’ These studies are limit- 
ed by the absence of information about the humoral and 
vascular responses to pacing, as well as the inclusion of 
patients with widely varying degrees of underlying heart 
disease. Our purpose was to compare the hemodynamic, 
humoral and forearm vascular responses to ventricular, 
atrial and V-A pacing at 100 beats/min (600 ms) in 
patients with relatively preserved ventricular function 
undergoing electrophysiology study. These responses 
were studied before and after regional a blockade with 
intraarterial phentolamine to assess the role of a-adre- 
nergic receptors in the mediation of the vasoconstrictor 
responses we observed. 


P rogrammed electrical stimulation is a widely 


METHODS 

The study group consisted of 16 consecutive adult 
patients referred for electrophysiologic study to evaluate 
symptomatic or suspected cardiac arrhythmias. Patients 
were excluded from this study if they had an ejection 
fraction <35% determined by radionuclide angiography 
or symptoms of New York Heart Association class II 
or IV congestive heart failure. Patients with diabetes 
mellitus or inability to cooperate with the measurement 
of forearm blood flow were excluded from this study. 
Cardioactive medications (e.g., vasodilators, nitrates, 
etc.) were held for 24 half-lives before the study. 

Study protocol: All studies were performed in fast- 
ing, nonsedated patients after they gave written in- 
formed consent. The protocol was approved by the insti- 
tutional review board. Two or 3 multipolar catheters 
were introduced percutaneously through the femoral 
vein and positioned in the heart in the right atrial ap- 
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TABLE I Mean Pressure Before and After Intraarterial 
Phentolamine (mm Hg) 


RA 


Before phentolamine 
Baseline 3.7+0.5 
V 6.1 + 0.58 
A 3.8 + 0.5 
V-A 8.0 + 0.58 
After phentolamine 
Baseline 4.0 + 0.7 
V 8.0+2(n=5) 
A 5.0+0.9 (n=5) 13416 6521 
V-A 7.2+1(n=5) 1618 11418 
* p <0.01; t p <0.05; * p <0.001; $ p <0.0001, vs baseline. 
A = atrial pacing; MAP = mean arterial pressure; PA = pulmonary artery; PCW = 


pulmonary capillary wedge; RA = right atrial; V = ventricular pacing; V-A = ventriculo- 
atrial pacing. 


93+1.6 
91.2.5 
99 2: 1.5% 
9442 


7.5+0.8 

10 + 0.9# 

6+0.8* 
11.3415 


13.341 
16.6 + 15 
13.241 
16.6 4 15 


95 + 2.0 

9142.71 
102 + 2* 

90+:2.7° 


6.5 + 0.9 
10+ 1+ 


1341” 
15.518 


TABLE Il Statistical Comparisons of Hemodynamic Variables 


and Vascular Responses Before and After Phentolamine 
Between Different Pacing Modes 


Vvs V-A 


VvsA V-A vs AÀ 


Before phentolamine 


A = atrial pacing; CO = cardiac output; FVR = forearm vascular resistance; MAP = 
mean arterial pressure; NS = not significant; PA = pulmonary artery pressure; PCW = 
pulmonary capillary wedge pressure; RA = right atrial pressure; V = ventricular 
pacing; V-A = ventriculoatrial pacing; — = not done. 





pendage near the His bundle and in the right ventricu- 
lar apex. Recordings of phasic and mean right atrial, 
pulmonary artery and pulmonary capillary wedge pres- 
sure were obtained over a 5-minute period using a 7.5Fr 
Swan-Ganz catheter (Critikon). An 18-gauge Teflon- 
coated cannula was inserted into the right brachial ar- 
tery for continuous arterial pressure monitoring. Pro- 
grammed electrical stimulation was performed with 
a standard, programmable stimulator and recordings 
were made with a 16-channel physiologic recorder at a 
paper speed of 50 to 100 mm/s. On completion of the 
electrophysiologic study, the pacing research protocol 
was performed after baseline heart rate and blood pres- 
sure were reestablished. 

Each patient was paced in each of 3 modes at a cy- 
cle length of 600 ms for 5 minutes. A cycle length of 
600 ms was selected because it was at least 150 ms 
greater than each patient’s spontaneous sinus cycle 
length. Patients were excluded if they had frequent pre- 
mature atrial contractions or premature ventricular con- 
tractions (>5 to 10 beats/min), and therefore, atrial 
and ventricular pacing was essentially overdrive pacing. 
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The third pacing mode was V-A pacing, which was per- 
formed by pacing the ventricle at 600 ms with an atrial 
stimulus coupled to each ventricular stimulus at 100 to 
150 ms. 

Venous occlusion plethysmography: Forearm blood 
flow was measured by venous occlusion plethysmogra- 
phy with a mercury-in-silastic strain gauge plethysmo- 
graph (EC-3 or EC-4; DE Hokanson). The technique of 
venous occlusion plethysmography used has been de- 
scribed previously in detail. A minimum of 5 consecu- 
tive curves was averaged to obtain a mean value. Fore- 
arm blood flow and phasic or mean arterial pressure 
were recorded on a direct-writing Gould physiologic re- 
corder (2800 S). Forearm vascular resistance was calcu- 
lated by dividing the mean arterial pressure (diastolic 
plus one-third of pulse pressure, in mm Hg) by the fore- 
arm blood flow (expressed as ml/min/100 ml of fore- 
arm volume). Forearm vascular resistance values are 
expressed as U throughout. 

Protocol: Each patient was allowed to rest comforta- 
bly in the supine position for 15 minutes. Hemodynamic 
measurements were obtained and cardiac output was 
measured with thermodilution by the injection of 10 cc 
of D;W in triplicate. 

After the determination of baseline forearm blood 
flow each patient was randomly allocated to a sequence 
of pacing. Each pacing mode was performed for 5 min- 
utes. The first 1.5 minutes were used to measure fore- 
arm blood flow and arterial pressure, as well as right 
atrial, pulmonary artery and pulmonary capillary wedge 
pressures. The next 2.5 minutes were used to determine 
cardiac output. During the final minute, a blood sample 
(10 cc) was obtained from the right atrium for determi- 
nation of plasma catecholamine levels. The patient then 
had a 5-minute rest period during which baseline fore- 
arm blood flow and pressure were recorded for 1 minute 
before initiation of the next pacing mode. 

After measurements during all 3 pacing modes were 
obtained, phentolamine was infused into the brachial 
artery over 10 minutes with a Harvard infusion pump at 
12 wg/100 ml forearm volume/min (maximum 1.5 mg/ 
10 minutes). After a stable baseline was reestablished, 
repeat measurements were made. Each of the pacing 
protocols was repeated for 3 minutes, during which 
forearm blood flow and hemodynamics were measured. 
A 3-minute recovery period was interposed between 
each intervention to reestablish baseline. 

Blood samples for catecholamines were collected in 
prechilled heparinized tubes and the plasma was stored 
at —75°C until assayed. Catecholamines were assayed 
by a high-performance liquid chromatography with 
electrochemical detection.’ Detection in this system is 
coulometric and the sensitivity is <5 pg/ml. 

Statistical analysis: The Shapiro-Wilk normality 
test was performed on all the data to determine if they 
were normally distributed. For normally distributed 
data, parametric tests were used. Paired ź tests were 
used to test for significant change from a measure- 
ment’s baseline, with each pacing mode. For data that 
were not normally distributed (e.g., catecholamine data 
due to several missing observations) a Wilcoxon signed 


rank test was performed comparing changes from base- 
line with each pacing mode. Simple linear regression 
analysis was used to test for correlations between each 
of the hemodynamic variables and forearm vascular re- 
sistance, observed before phentolamine and analyzed for 
each pacing mode. The measurements were first adjust- 
ed for baseline values. Differences between individual 
pacing modes were tested by means of repeated mea- 
sures analysis of variance for each pacing mode, and for 
measurements before and after phentolamine. 

Probability levels <0.05 were considered to be sig- 
nificant. Results are presented as mean + standard er- 
ror of the mean. 


RESULTS 

Patient population: We studied 16 men who ranged 
in age from 38 to 72 years with a mean age of 60 + 3 
years. The mean ejection fraction was 51 + 2%. Six 
patients had no underlying organic heart disease, 3 pa- 
tients had coronary artery disease without a history of 
myocardial infarction, 7 patients had coronary artery 
disease with a previous myocardial infarction and 8 pa- 
tients had mild systolic hypertension. The reasons for 
electrophysiology study were syncope in 6 patients and 
ventricular arrhythmias in 10 patients. Two patients 
were receiving amiodarone at the time of study and 2 
were receiving procainamide. The mean heart rate dur- 
ing sinus rhythm before the pacing protocol was 70 + 3 
beats/min. Only 3 patients had retrograde conduction 
with V-A intervals of 200, 250 and 260 ms. 

Hemodynamics: At the beginning of the protocol the 
mean arterial pressure was 94 + 2 mm Hg and after 
phentolamine infusion the mean arterial pressure was 
96 + 2 mm Hg (difference not significant). A signifi- 
cant increase in mean arterial pressure was observed 
with atrial pacing both before and after phentolamine 
but no significant change in mean arterial pressure with 
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ventricular and V-A pacing occurred before phentol- 
amine was given (Tables I and II, Figure 1). There was 
a significant decrease in mean arterial pressure with 
both ventricular and V-A pacing after phentolamine. 
One patient had a decrease in mean arterial pressure of 
>10 mm Hg during ventricular (V-A conduction in- 
tact) and V-A pacing. This patient had the smallest in- 
crease in forearm vascular resistance with both ventric- 
ular and V-A pacing. 

There were no significant changes in mean arterial 
pressure among the baselines preceding each of the pac- 
ing protocols. 

The changes in mean right atrial, mean pulmonary 
artery and mean pulmonary capillary wedge pressures 
and cardiac output with each pacing mode before and 
after phentolamine are listed in Tables I and II. Phen- 
tolamine infusion did not alter hemodynamics signifi- 
cantly for any pacing mode. The decrease in cardiac 
output seen with ventricular and V-A pacing was ac- 
companied by a decreased pulse pressure, which was es- 
pecially marked with V-A pacing. 

Humoral responses: The baseline norepinephrine 
level was 183 + 27 pg/ml (n = 14), epinephrine level 
was 85 + 14 pg/ml (n = 12) and dopamine level was 78 
+ 16 pg/ml (n = 12). During atrial and ventricular 
pacing, plasma catecholamine levels did not change sig- 
nificantly. The norepinephrine level increased to 232 + 
27 with V-A pacing (p <0.01) whereas the epinephrine 
level and dopamine level tended to decrease (58 + 8 and 
49 + 7 pg/ml, respectively, difference not significant). 

Forearm vascular responses: Representative blood 
flow curves with numerical values of related hemody- 
namic data during each pacing mode are shown in Fig- 
ure 2. Before phentolamine, forearm blood flow in- 
creased significantly with atrial pacing (0.4 + 0.2 ml/ 
min/100 ml forearm volume, p <0.05 vs baseline). 
Changes in forearm blood flow during ventricular and 
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FIGURE 2. Analog 





V-A pacing were not significant (—0.4 + 0.3 ml/min/ 
100 ml and 0 + 0.5 ml/min/100 ml, respectively). 
Forearm vascular resistance increased significantly with 
V-A pacing alone (18 + 4.1 U, p <0.001 vs baseline), 
whereas changes during ventricular (4.0 + 3.3 U) and 
atrial pacing (1.6 + 5.1 U) were not significant. During 
ventricular pacing, 3 patients had intact V-A conduc- 
tion (V-A interval = 230 + 30 ms) and had an increase 
in forearm vascular resistance of 14.4 + 11 U. Two of 
these 3 patients had the largest increases in forearm 
vascular resistance of any patients in the ventricular 
pacing group. 

After intraarterial phentolamine, there was a mean 
3.5 + 0.9-fold increase in forearm blood flow. The in- 
crease in forearm blood flow ranged from 1.5 to 5 times 
its basal value. After phentolamine infusion, fore- 
arm blood flow decreased significantly with ventricular 
(—1.6 + 0.7 ml/min/100 ml forearm volume, p <0.05) 
and V-A pacing (—2.3 + 0.8 ml/min/100 ml forearm 
volume, p <0.01). Forearm blood flow increased (0.5 + 
0.2 ml/min/100 ml, p <0.01 vs baseline) significantly 
during atrial pacing. There was a significant increase in 
forearm vascular resistance with ventricular (7 + 4.1 
U) and V-A (5.8 + 1.5 U) pacing (p <0.05 and p 
<0.001 vs baseline, respectively) (Figure 3). 

Comparing changes in forearm vascular resistance 
with each pacing mode before and after phentolamine, 
only the changes that occurred with V-A pacing were 
significantly different. The responses of all patients 
studied before and after phentolamine are shown in Fig- 
ure 4. The mean A forearm vascular resistance de- 
creased from 18 + 4.1 U with V-A pacing before phen- 
tolamine to 5.8 + 1.5 U after phentolamine (p <0.001, 
before vs after phentolamine), or a 67% decrease in 
forearm vascular resistance after phentolamine infusion. 
The changes in forearm vascular resistance were signif- 
icantly different for ventricular versus atrial pacing 
modes (p <0.06) and atrial versus V-A pacing modes (p 

<0.001). 
Time course: In 8 patients adequate curves of fore- 
arm blood flow during V-A pacing were available, 
which allowed calculation of forearm vascular resis- 
tance during the first and last 30 to 45 seconds. In all 
patients there was an immediate decrease in pulse pres- 
sure after the onset of V-A pacing. The forearm vascu- 
lar resistance was 75% of its final value within the first 
30 to 45 seconds (e.g., the first 3 to 5 curves measured). 

Correlation of vascular responses to hemodynamic 
variables: The change in forearm vascular resistance 
during V-A pacing was poorly predicted by the changes 
in hemodynamic variables. The change in forearm vas- 
cular resistance did correlate well with the decrease in 
systolic arterial pressure (r = 0.65, p <0.01) occurring 
with V-A pacing. 


DISCUSSION 
Our major finding is that forearm vascular responses 


« to V-A conduction (pacing induced), but not ventricular 


pacing (with absent retrograde conduction), at 100 
beats/min are mediated largely by activation of a-adre- 


nergic receptors. The changes in vasomotor tone oc- 
curred within 30 seconds and may be assessed by fore- 
arm venous occlusion plethysmography in the electro- 
physiology laboratory. These changes in sympathetic 
tone to a regional vascular bed were correlated with sys- 
tolic arterial pressure, but not with other hemodynamic 
changes, suggesting these vascular responses are largely 
mediated by arterial baroreceptors. 

The presence of V-A conduction may play a role in 
causing pacemaker syndrome and may facilitate the in- 
duction of tachyarrhythmias.!!? Thus, it is important 
to define both hemodynamic alterations and regional 
changes in vasomotor tone that may not be evident 
when only systemic hemodynamics and total peripheral 
resistance are measured. There are no previous human 
studies that have systematically addressed this issue to 
define autonomic responses to V-A conduction that may 
importantly influence the occurrence of pacemaker syn- 
drome as well as ventricular tachyarrhythmias. 

Previous investigators have evaluated hemodynamic 
responses to V-A conduction in both humans and ani- 
mals.®-’:!3:!4 These studies have shown that atrial con- 
traction plays an important role in maximizing cardiac 
output at rest, especially in patients with relatively nor- 
mal ventricular function. The hemodynamic findings in 
our study confirm these observations. 

Neurohumoral responses to ventriculo-atrial pac- 
ing: We sought to determine whether the autonomic re- 
sponses to ventricular pacing at 100 beats/min, a pacing 
rate at which programmed electrical stimulation is often 
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Figure 4. Individual values of forearm vascular resistance for 
each patient measured before and after phentolamine infusion. 
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performed, differed depending on the presence or ab- 
sence of retrograde V-A conduction. First, elevated 
plasma norepinephrine levels were observed only during 
V-A pacing. This indicates an increase in sympathetic 
neural activity that was absent during ventricular or 
atrial pacing. Changes in plasma norepinephrine may 
not always reflect changes of efferent sympathetic nerve 
activity, as they are also influenced by rates of nor- 
epinephrine clearance in different vascular beds.!5-!7 
Steady-state changes in norepinephrine are linearly re- 
lated to sympathetic nerve activity in humans although 
they may not correlate closely during nonsteady-state 
conditions. !> 

Gross hemodynamic changes and measurement of 
arterial pressure may not provide insight into the mech- 
anisms for sympathetic nervous system activation dur- 
ing V-A pacing. Because autonomic responses can be 
highly differentiated, important regional changes in va- 
somotor tone are better detected by regional blood flow 
measurements. Thus, venous occlusion plethysmogra- 
phy provides accurate measurement of changes in re- 
gional blood flow, and thereby reflects changes in vaso- 
motor tone in the arm or leg.’ Infusion of intraarte- 
rial phentolamine was performed to achieve regional a 
blockade, demonstrating that a-adrenergic receptors are 
involved in mediating sympathetic vasoconstriction.!*® 
Our study highlights the importance of directly measur- 
ing reflex vascular responses to different pacing modes 
as a more direct estimate of autonomic responses. This 
approach is clearly superior to simply measuring sys- 
temic hemodynamics that may provide little direct in- 
sight into autonomic changes. 

Limitations: To better assess the hemodynamic and 
vascular responses to each mode of pacing, we selected 
a homogenous patient population with minimal heart 
disease. Our results in this patient population may not 
apply to patients with more severe degrees of cardiac 
dysfunction.!? It seems likely that such patients may be 
more susceptible to hypotension with V-A pacing, be- 
cause of impaired sympathetically mediated vasocon- 
striction. Secondly, we chose a V-A interval of 125 to 
150 ms during V-A pacing. The duration of V-A inter- 
val during pacing may influence neurohumoral activa- 
tion. Moreover, different degrees of sympathetic activa- 
tion may occur during V-A pacing at different V-A in- 
tervals. Finally, changes in sympathetic tone with V-A 
conduction may be more marked depending on the 
magnitude of volume depletion or patient position (su- 
pine vs upright) due to cardiopulmonary and arterial 
baroreflex activation or deactivation. 

Clinical implications: During programmed electri- 
cal stimulation, retrograde V-A conduction may occur. 
Many factors may affect the presence or absence of ret- 
rograde V-A condution. In several studies, 40 to 70% of 
patients demonstrated V-A conduction with a V-A in- 
terval ranging from 100 to 300 ms (201 + 53).”° In 
patients with retrograde V-A conduction during ventric- 
ular pacing, subsequent sympathoexcitation may lead to 
a sufficiently altered autonomic milieu to contribute to 
the induction of ventricular tachycardia in patients with 
suitable substrates.*!-?3 Many factors may contribute to 
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arrhythmogenesis, and the presence or absence of V-A 
conduction is an additional one. 

Pacemaker syndrome is a vaguely defined condition 
ranging from dizzy spells and syncope to postural hypo- 
tension.?*?5 These symptoms are felt to be secondary to 
atrial contraction occurring during ventricular systole 
with ventricular pacing. This syndrome is seen primarily 
in patients with V-A conduction.?°2*28 During retro- 
grade V-A conduction, there is a decrease in systolic 
pressure that is sensed by arterial baroreceptors, result- 
ing in heightened sympathetic neural tone and increased 
norepinephrine. These changes result in increased a-me- 
diated vasoconstriction. 

These experiments provide clear evidence in patients 
without significant cardiac dysfunction that in the su- 
pine position, regional vasomotor tone is increased dur- 
ing V-A conduction. Our observations shed light on the 
mechanism of “pacemaker syndrome” that occurs, due 
to retrograde atrial activation. In the upright position, 
blood is pooled in the extremities and arterial baro- 
reflexes are activated to maintain arterial pressure in 
the face of decreased venous return. Under these cir- 
cumstances, patients with retrograde V-A conduction 
will have further activation of arterial baroreceptors. In 
some patients, pacemaker syndrome may be due to the 
inability to further augment sympathetic tone in the 
face of these 2 stimuli. Finally, these vascular responses 
may be further modified by drugs, underlying organic 
heart disease, volume status or autonomic defects. 
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SYSTEMIC HYPERTENSION 


Assessment of Four Ambulatory Blood Pressure 
Monitors and Measurements by Clinicians Versus 
Intraarterial Blood Pressure at Rest and 





During Exercise 


William B. White, MD, Per Lund-Johansen, MD, and Per Omvik, MD 





The accuracy of 4 different ambulatory blood 
pressure (BP) monitors was assessed by comparing 
them to simultaneous intraarterial BP (contralateral 
brachial artery) during rest, isometric and dynamic 
(bicycle) exercise in 48 hypertensive patients un- 
dergoing invasive hemodynamic evaluation. The 
differences between the intraarterially determined 
BP and values obtained by the various monitors 
were then compared to differences between BP 
measured directly and by 2 clinicians using a stan- 
dard mercury column in 10 additional hypertensive 
patients. The monitors studied were the Accu- 
tracker Il (auscultatory with mandatory electrocar- 
diographic gating), Colin ABPM 630 (auscultatory 
or oscillometric), Del Mar Pressurometer IV (aus- 
cultatory with optional electrocardiographic gating) 
and SpaceLabs 90202 (oscillometric). During rest, 
the differences between intraarterially and clini- 
cian-determined systolic and diastolic BP were 4 + 
8 and —4 + 6 mm Hg, respectively. The Accu- 
tracker Il and Colin ABPM 630 using the ausculta- 
tory method showed less disparity and closer limits 
of agreement (2 standard deviations of the mean 
difference) with intraarterial BP than the clinicians’ 
measurements, whereas the other units showed 
similar or greater limits of agreement. During both 
isometric and dynamic exercise, mean BP differ- 
ences between intraarterial and clinician determi- 
nations were similar to those at rest but the limits 
of agreement increased. The limits of agreement 
between intraarterial and monitor-derived BP also 
increased during exercise compared to differences 
observed at rest. The Accutracker Il and Colin 
ABPM 630 using the auscultatory method had lim- 
its of agreement with intraarterial BP that were ei- 
ther similar to or less than the clinicians’, whereas 
the Colin monitor using the oscillometric method 
and the Del Mar Pressurometer IV showed greater 
disparity. The SpaceLabs unit produced only error 
codes in 8 of 10 subjects during dynamic exercise. 
Thus, these data show that at rest, noninvasive 
ambulatory BP monitors are similar in accuracy to 
Clinicians in BP determination but during exercise 
there are differences among the monitors that 
make some of them unsuitable for measurements 
while in motion. 

(Am J Cardiol 1990;65:60-66) 
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invasive ambulatory blood pressure (BP) monitors 

that have aided in diagnosis of mild and border- 
line hypertension! and the assessment of “office”—or 
“white-coat”—hypertension.2~* Most of the monitors 
determine BP by using standard auscultation of Korot- 
koff sounds via a microphone either taped over the bra- 
chial artery>® or sewed into the BP cuff.’8 A minority 
of ambulatory monitors measure BP through perception 
of the oscillometric waves generated by the brachial ar- 
tery during cuff deflation.’ At present, ambulatory 
monitors may enter the market in the United States af- 
ter review of a manufacturer’s report that demonstrates 
that the recorder poses no safety hazard to a patient and 
is reliable. However, the definition of reliability and pre- 
cision of a BP monitor is currently under considerable 
dispute, which has led to the formation of committees in 
both the United States and Europe to develop guidelines 
for clinically evaluating the recorders. In this report, we 
evaluated and compared the accuracy of 4 different 
types of ambulatory BP monitors in a hemodynamic 
laboratory where well-controlled intraarterial BP mea- 
surements were made at rest and during exercise. The 
differences observed between the intraarterial BP and a 
given monitor were then compared to differences be- 
tween intraarterial BP and clinician-determined BP via 
a stethoscope and mercury column. 


I: recent years there has been a proliferation of non- 


METHODS 

Types of monitors: There were 4 types of monitors 
evaluated in the study (Table I). The Accutracker II, an 
auscultatory unit that uses electrocardiographic leads 
for R-wave gating with the Korotkoff sounds, was mar- 
keted in 1988 and then modified in 1989 to have a silent 
motorized pump. The Colin ABPM 630,8 marketed in 
1987, can measure BP by auscultation or oscillometry. 
The Colin unit has a carbon dioxide cartridge that re- 
leases gas for cuff inflation; thus, it is entirely silent dur- 
ing BP measurement. The Del Mar Pressurometer IV 
(Del Mar P-IV),'° which became available in 1987, is 
an auscultatory recorder that does not require elec- 
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trocardiographic leads for BP determination; however, 
they may be used optionally. The SpaceLabs 90202 
monitor, available since 1987,? measures BP by oscillo- 
metry and has no microphone or electrocardiographic 
leads. 

Subjects: Fifty-eight hypertensive patients partici- 
pated in our study. All agreed to participate in the cur- 
rent study after formal explanation of the purpose of 
this validation project. Our study was approved as part 
of ongoing invasive hemodynamic studies at Haukeland 
Sykehus by the ethical committee of the University of 
Bergen. None of the patients was catheterized solely to 
provide data for this study. All patients were involved in 
several different long-term hemodynamic and pharma- 
cologic studies such as those that have been conducted 
at this institution for >25 years.'!-!* Patients were ex- 
cluded from the study if sequential opposite-arm BPs 
were not within + 5 mm Hg for both the systolic and 
diastolic BP. 

Blood pressure determinations with the ambulatory 
blood pressure monitors: The measurement of intraar- 
terial BP was performed in the brachial artery as previ- 
ously described.'! A short, stiff polyethylene catheter 
with a diameter of 1 mm was introduced approximately 
17 to 20 cm into the brachial artery. Minimal damping 
of fluid in the catheter occurs because the catheter is 
both short and stiff.!! Intraarterial pressure was mea- 
sured by an external transducer (Elema Schgnander). 
Ten patients were studied with each of the monitors. 
One exception to this was with the Colin ABPM 630 
using the oscillometric method because just 8 subjects 
were evaluated. The Del Mar P-IV was studied without 
electrocardiographic leads in 5 subjects and with the 
electrocardiogram in the other 5 subjects. 

The BP monitors were placed on the opposite arm 
and great care was taken to make certain that both 
arms were at the level of the heart during the measure- 
ment. In each patient, there were 5 supine and 5 seated 
measurements at rest, 2 measurements during isometric 
. exercise (1 minute of sustained handgrip), 5 recordings 
over 5 to 7 minutes of bicycle exercise (100 watts for 
five minutes) and 1 to 2 readings after exercise in the 
seated position. Both the monitor and the arm in which 
the monitor determinations were being made were 
placed on a separate table from the bicycle ergometer 
and buffered with a pillow to avoid most (but not all) of 
the mechanical vibrations associated with cycling. 

While a research technician manually activated the 
monitors to measure BP (deflation rate varied from 3 
to 5 mm/s depending on the unit), an investigator 
(WBW) hand scored the exact moments of cuff infla- 
tion, cuff deflation and cessation of the cuff deflation on 
the intraarterial pressure tracings. These were read later 
with the investigator blinded to the monitor readings. 
Because it is very unlikely that one will identify the ex- 
act beat on the tracing associated with the first and last 
Korotkoff sounds from the noninvasive measurement, 
_ the intraarterial BPs were determined by averaging the 
first 15 seconds after cuff deflation began for systolic 
BP and the last 15 seconds of cuff deflation for diastolic 
BP (the usual time for cuff deflation was 40 to 60 sec- 
onds). When there were large swings in intraarterial BP 


TABLE I Types of Ambulatory Blood Pressure Monitors 
Evaluated 


Method of 
Blood Pressure 
Determination 


Name of Monitor 
(Manufacturer) 


Special Features 


Accutracker II 
(Suntech Medical 
Instruments) 

Colin ABPM 630 
(Colin Medical Instruments) 


Auscultatory ECG gating of 
R wave and 
K sounds 

Carbon dioxide gas 
cartridges allow- 
ing for silent cuff 
inflation 

Optional ECG gating 


Auscultatory / 
Oscillometric 


Del Mar Pressurometer IV 
(Del Mar Avionics) 

SpaceLabs 90202 No microphone 
(SpaceLabs) placement 


ECG = electrocardiographic; K sounds = Korotkoff. 


Auscultatory 


Oscillometric 





secondary to phenomena such as coughing or respira- 
tory variation (seated position), the measurements were 
deleted from the analysis. 

To determine the intraobserver error involved with 
the calculation of the intraarterial BP by the smoothing 
method noted before, 10 randomly selected beats within 
the 15-second period were evaluated against the hand- 
smoothed average (a hand-drawn line at the top of the 
arterial pressure waves as previously described'') for 20 
randomly chosen systolic and diastolic pressures in dif- 
ferent patients. The differences between hand-smoothed 
averages and individual beats were then assessed at the 
different levels of BP. This allowed for the determina- 
tion of limits of agreement (and potential intraobserver 
variability) for the measurement of the intraarterial BP. 

Blood pressure determinations with clinicians: In a 
fashion identical to that performed with the BP moni- 
tors, BP measurements at rest, handgrip and during bi- 
cycle exercise were made by 2 different skilled clinicians 
using a mercury column to compare with the intraarte- 
rial tracings. The clinicians (both with normal audio- 
grams) alternated in the measurements, because simul- 
taneous measurement with a teaching stethoscope 
proved to be too unwieldly for proper auscultation in the 
limited space available. 

Statistical analyses: The group means for monitor 
versus intraarterial BP or clinicians vs intraarterial BP 
were examined using 2-tailed paired ¢ tests. The data 
are reported as the mean + standard deviation unless 
stated otherwise. The individual values of BP measured 
by the 2 different methods (e.g., clinician vs intraarteri- 
al BP) were assessed for mean differences at a given 
level of BP and the limits of agreement (2 standard de- 
viations of the mean) were calculated as described by 
Bland and Altman.!? This method of comparison has 
recently been considered statistically superior to simple 
visual plots of actual BP values and calculation of a re- 
gression line.!4 

The differences obtained between intraarterial BP 
and clinician-determined BP were compared with dif- 
ferences between intraarterial BP and the monitor-de- 
termined BP using an intergroup analysis of variance. 
For comparison between 2 groups, an unpaired 2-tailed 
t test was used. 
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TABLE Il Blood Pressures Comparing the Measurements of 
the Clinicians and Various Monitors with Simultaneous 
Intraarterial Measurements 











Systolic BP Diastolic BP 





Measurements at rest 
Clinicians’ BP 





142 + 12* 100 + 10* 




























Intraarterial BP 146+ 14 96+9 
Accutracker II BP 145+ 21 88 + 15* 
Intraarterial BP 144+ 21 91+14 
Colin ABPM 630 BP (oscillometric) 145 + 16* 88+9 
Intraarterial BP 141415 88+ 11 
Colin ABPM 630 BP (Korotkoff) 139+11 88+ 10 
Intraarterial BP 137 +9 88 +9 
Del Mar P-IV BP 151 + 23* 94 + 16t 
Intraarterial BP 145+ 19 92413 
SpaceLabs 90202 BP 142 + 12* 93 + 9* 
Intraarterial BP 144412 90+9 
Measurements during isometric exercise 
Clinicians’ BP 159 + 20 100 + 12* 
Intraarterial BP 161 + 24 95+12 
Accutracker Il BP 159 + 22 103 + 16t 
Intraarterial BP 163 + 20 108 + 16 
Colin ABPM 630 BP (Korotkoff) 165 + 22 101 + 15t 
Intraarterial BP 170 + 20 97+16 
Del Mar P-IV BP 169 + 21t 112+17 
Intraarterial BP 162+ 19 111415 
SpaceLabs 90202 BP 161+8 107 +11 
Intraarterial BP 159+ 11 107 +10 
Measurements during bicycle exercise 
Clinicians’ BP 159 + 20 100 + 12* 
Intraarterial BP 161+ 24 95412 
Accutracker II BP 186 + 20 99+12 
Intraarterial BP 185+ 29 98 +17 
Colin ABPM 630 BP (oscillometric) 159419 97 + 10* 
Intraarterial BP 165+ 14 9347 
Colin ABPM 630 BP (Korotkoff) 167 +412 95+ 12 
Intraarterial BP 164413 92+6 
Del Mar P-IV BP 207 + 26 92 + 17* 
Intraarterial BP 202 + 29 108 + 8 











Handgrip BP measurements were not performed with the Colin oscillometric 
ethod. i 

Exercise BP measurements were attempted in all subjects with the SpaceLabs unit 
but were only successful in 2 of 10 individuals and were not included in the analysis. 
* p < 0.001 vs intraarterial measurements; t p <0.01 vs intraarterial measure- 


ments. 
BP = blood pressure. 






RESULTS 

Precision of clinicians and intraarterial blood pres- 
sure: The differences for intraarterial and clinician BPs 
were not statistically different between the 2 clinicians 
at rest (4/—4 + 8/6 for clinician A vs 4/—4 + 9/5 mm 
Hg for clinician B, p = 0.23), during isometric exercise 
(3/—6 + 8/5 for clinician A vs 5/—3 + 7/6 mm Hg for 
clinician B, p = 0.30), or during bicycle exercise (3/—5 
+ 11/8 for clinician A vs 2/—8 + 12/8 mm Hg for 
clinician B, p = 0.27). The differences in the intraarteri- 
al BP and the 2 clinicians’ BP data were therefore com- 
bined in the evaluation against the differences between 
intraarterial BP and monitor-derived values. 

The limits of agreement were calculated for the 
method of hand-smoothed intraarterial BP over a wide 
range of BPs (118/75 to 220/120 mm Hg). The differ- 
ence in the hand-smoothed intraarterial BP and individ- 
ually calculated measurements over a 15-second period 
was —0.2 + 3.1 for systolic BP and —0.6 + 2.6 for 
diastolic BP. The limits of agreement (and extremes of 
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error) between the 2 methods thus was + 6 mm Hg for 
systolic BP and + 5 mm Hg for diastolic BP. No statis- 
tical differences were found between systolic and dia- 
stolic BP and no systematic error at high or low BPs 
was found by regression analysis of the differences be- 
tween hand-smoothed averages and individual beat-to- 
beat BPs. Thus, it is possible that the hand-smoothed 
method adds a modest amount of error into the calcula- 
tion of intraarterial BP for individual measurements 
even though mean differences were quite small. 

Agreement at rest and exercise: Table II lists the 
group mean BPs for the various monitors plus the clini- 
cians’ values versus the intraarterial BP. Group means 
between intraarterial and noninvasive measurements 
were relatively similar for the various monitors during 
rest and isometric exercise. During bicycle exercise, 
mean diastolic BP for the Del Mar P-IV was both sta- 
tistically and clinically significantly different from 
intraarterial BP, whereas the other units were similar to 
each other. 

Individual data showing the differences between in- 
traarterial BP and noninvasively determined BP are 
shown in Figure 1. The limits of agreement between the 
intraarterial BP and clinicians (Figure 1) was —12 and 
20 at rest and this increased during exercise. The aver- 
age difference between intraarterial and clinician BP 
was approximately 4/—4.5 mm Hg for systolic and dia- 
stolic BP, respectively. Neither the clinicians nor the BP 
monitors displayed a systematic error at the lower or 
higher extremes of BP during rest; however, all moni- 
tors demonstrated greater limits of agreement during 
bicycle exercise than BP during rest (Figure 1). 

In Figure 2, the mean difference and 1 standard de- 
viation of the mean difference between intraarterial BP 
and the noninvasive BP measurements are shown for 
purposes of comparison. At rest, the Accutracker II and 
Colin ABPM 630 (using auscultatory method of BP 
measurement) had significantly less disparity with di- 
rectly measured BP than the clinician determinations 
(—1 + 5/3 + 4 and —2 + 7/0 + 6 mm Hg for the - 
Accutracker and Colin units, respectively, vs —4 + 9/4 
+ 6 mm Hg for the clinicians [p <0.001 for all compar- 
isons |). There were also significant differences between 
the Del Mar and SpaceLabs units with the clinicians 
but these were the result of having mean differences of 
opposite sign compared to the findings of the clinicians 
because the limits of agreement for these 2 monitors 
were greater rather than less than those for the clini- 
cians (Figures 1 and 2). 

In contrast, during isometric exercise, the Del Mar 
P-IV and SpaceLabs units had smaller mean differ- 
ences (—1 + 7 mm Hg and 0.5 + 10 mm Hg, respec- 
tively, vs —5 + 5 for clinicians, p <0.01 for both com- 
parisons) from intraarterial diastolic BP than the clini- 
cians, but the limits of agreement were either similar or 
larger. The other monitors showed similar limits of 
agreement to the clinicians with intraarterial BP. 

In the evaluations during bicycle exercise, the Accu- 
tracker II showed smaller differences with intraarterial 
diastolic BP than the clinicians’ differences (—1 + 2 vs 
—5 + 7 mm Hg, p <0.001). The Colin monitor showed 


similar levels of difference during exercise to the clini- 
cians, whereas the Del Mar P-IV showed significantly 
greater differences for both systolic and diastolic BP 
(—5 + 25/14 + 15 mm Hg vs 2 + 14/—5 + 7, p <0.01 
for systolic and <0.001 for diastolic BP). 

Reliability during exercise: There were extremely 
few error codes (lack of the monitor to obtain a physio- 
logically meaningful BP) for all of the monitors during 
rest. During isometric exercise, the incidence of error 
codes rose to 6 + 3% and was similar among the moni- 
tors. During bicycle exercise, however, the incidence of 
error codes was 7% for the Accutracker II, 9% for the 
Colin ABPM 630 (oscillometric), 12% for the Colin 
ABPM 630 (auscultatory) and 7% for the Del Mar P- 
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IV. None of these was significantly different from the 
others. In contrast, the SpaceLabs unit had an incidence 
of 82% error codes during bicycle exercise. Because 
there were only 18 readings obtained in 2 patients, the 
SpaceLabs monitor was not included in the analysis 
during bicycle exercise. 


DISCUSSION 

The intraarterial BP is generally accepted as the 
most accurate method of BP determination because fas- 
tidious calibration of the transducer (with a water col- 
umn) is possible and every beat can be analyzed on a 
strip chart recording if necessary.!!:!5 Conversely, indi- 
rect BP measurement by well-trained clinicians has 
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FIGURE 1. Scatter plots of the comparisons between individual differences in intraarterial BP and the clinicians and Colin 
ABPM 630 (top) and the Accutracker Il, Del Mar Pressurometer IV and SpaceLabs 90202 (bottom). The lines show the limits 


of agreement for resting measurements. 
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Blood Pressure Differences During Isometric Exercise 
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FIGURE 2. Comparison of the mean differences in intraarterial blood pressure (BP) and clinicians’ and intraarterial BP and the 
various ambulatory BP monitors. D = diastolic; NS = difference not significant; S = systolic. 
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Blood Pressure Differences During Bicycle Exercise 
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FIGURE 2. Continued. 


been previously shown to be subject to large degrees of 
intraobserver variability that may be secondary to a 
number of causes, including observer bias.'® Further- 
more, the disparities between directly and clinician- 
determined BP are further exaggerated during exercise 
measurements, as motion artifact makes auscultation 
quite difficult in many individuals.'’:'* Thus, several in- 
vestigators have recommended that all exercise BP mea- 
_ surements for research purposes be performed intraarte- 
rially. The data in our study suggest that this rec- 
ommendation is probably correct, because individual 
scatter with clinicians (Figures 1 and 2) and even the 
best results with ambulatory BP monitors show unac- 
ceptable discrepancies with intraarterial BP. 

In recent years, ambulatory BP monitoring has be- 
come important in both clinical research and practice. 
Unfortunately, widespread use of many of these moni- 
tors occurs before proper validation to assess precision 
and reliability for clinical use. The present study dem- 
onstrated that some of the newest and most widely used 
ambulatory BP monitors are similar to the clinician in 
accuracy at rest but may be quite misleading or even 
useless during ambulatory activities such as exercise. 
On the other hand, we found some reassurance that not 
all ambulatory BP monitors are alike, because some re- 
corders were similar to or slightly more precise than the 
clinician BP readings. 

Individual subjects can show large differences of 
variable sign among the BP values obtained by an am- 
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bulatory monitor or mercury column and intraarterial 
transducer (Figure 1), as has been reported previous- 
ly.’8 There are several potential sources for the variabil- 
ity among the methods of BP determination that we 
have observed. First, there is an error in the perception 
of Korotkoff sounds by different clinicians, even if they 
are quite skilled, as has been demonstrated when 1 clini- 
cian’s BP measurements are compared with another’s 
using a teaching stethoscope.*-!%!> Second, there is 
beat-to-beat variability in intraarterial pressure that oc- 
curs during the time it takes to obtain the indirect re- 
cording of BP so that the extreme limits of agreement 
with the hand-smoothing method are 5 to 6 mm Hg. 
Finally, there are errors from the recorders, especially 
notable during motion, in which ambient noise and the 
Korotkoff signal or oscillometric waves (depending on 
the type of monitor) cannot be distinguished from each 
other. 

The precision of an ambulatory BP monitor during 
exercise or ambulation is difficult to assess. Most ambu- 
latory BP monitors were not designed for use during 
vigorous exercise. However, bicycling causes far less 
mechanical artifact than an exercise treadmill and in 
the present study, the arm in which the noninvasive 
measurement was made was separated from the ergom- 
etry unit to avoid much of the motion artifact. The 
main outcome during isometric exercise was that the 
monitors were fairly good at following abrupt increases 
in BP (Figure 2), but that during dynamic exercise, 
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where there is always some arm movement, wide dispar- 
ities with intraarterial BP occur (Figures 1 and 2). 
Thus, those monitors that show greater error during this 
form of cycling may be likely to demonstrate greater 
error during ambulation. 

Our findings suggest that the best results with am- 
bulatory BP monitors will be obtained by having the 
patients keep their arms entirely still during the actual 
measurement. There may be a clinically important issue 
at hand with this recommendation, although, as Brig- 
den et al!? pointed out, noninvasively measured BP dur- 
ing the daytime may be as much as 10/4 mm Hg lower 
than the average hourly intraarterial BP when activities 
are ceased to hold the arm still. Based on our data, with 
the Accutracker II and Colin ABPM 630 monitors (us- 
ing auscultatory method of measurement), it should be 
possible to obtain readings during ambulation without 
the arm swinging, but it is unlikely that more vigorous 
exercise will allow for accurate readings. During use of 
the Del Mar P-IV and SpaceLabs 90202 monitors, total 
cessation of activity and arm movement is necessary for 
readings that would be similar in accuracy to that of a 
clinician. 


Acknowledgment: Ambulatory BP monitors and 
computer software were supplied by CardioData Sys- 
tems, Haddonfield, New Jersey (SpaceLabs 90202), 
Gallus-Plesner A/S, Oslo, Norway (Colin ABPM 630), 
VingMed A/S, Oslo, Norway (Del Mar P-IV), and 
Suntech Medical Instruments, Raleigh, North Carolina 
(Accutracker II). 
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Transdermal Therapeutic System 
Revised Dosage Information 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
This drug product has been conditionally approved by the FDA 
for the prevention of angina pectoris due to coronary artery 
disease. Tolerance to the antianginal effects of nitrates 
(measured by exercise stress testing) has been shown to be a 
major factor limiting efficacy when transdermal nitrates are 
used continuously for longer than 12 hours each day. The 
development of tolerance can be altered (prevented or 
attenuated) by use of a noncontinuous (intermittent) dosing 
schedule with a nitrate-free interval of 10-12 hours. 
Controlled clinical trial data suggest that the intermittent 
use of nitrates is associated with decreased exercise 
tolerance, in comparison to placebo, during the last part of 
the nitrate-free interval; the clinical relevance of this observa- 
tion is unknown, but the possibility of increased frequency or 
severity of angina during the nitrate-free interval should be 
considered. Further investigations of the tolerance phenome- 
non and best regimen are ongoing. A final evaluation of the 
effectiveness of the product will be announced by the FDA. 





CONTRAINDICATIONS 

Allergic reactions to organic nitrates are extremely rare, but they do 

occur. Nitroglycerin is contraindicated in patients who are allergic 

to it. Allergy to the adhesives used in nitroglycerin patches has also 
rted, and it similarly constitutes a contraindication to the 


been 
_use of this product. 


WARNINGS 

The benefits of transdermal nitroglycerin in patients with acute 
myocardial infarction or congestive heart failure have not been 
established. If one elects to use nitroglycerin in these conditions, 
careful clinical or hemodynamic monitoring must be used to avoid 
the hazards of hypotension and tachycardia. 

A cardioverter/defibrillator should not be discharged through a 
paddle electrode that overlies a Transderm-Nitro patch. The aren 
that may be seen in this situation is harmless in itself, but it may be 
associated with local current concentration that can cause damage 
to the paddles and burns to the patient. 


PRECAUTIONS 
General 


Severe hypotension, particularly with upright posture, may occur 


with even small doses of nitroglycerin. This drug should therefore 
be used with caution in patients who may be volume depleted or 
who, for whatever reason, are already hypotensive. Hypotension 
induced by nitroglycerin may be accompanied by paradoxical 
bradycardia and increased angina pectoris. 

Nitrate therapy may aggravate the angina caused by hypertrophic 
cardiomyopathy. 

As tolerance to other forms of nitroglycerin develops, the effect 
of sublingual nitroglycerin on exercise tolerance, although still 
observable, is somewhat blunted. 

In industrial workers who have had long-term exposure to 
unknown (presumably high) doses of organic nitrates, tolerance 
clearly occurs. Chest pain, acute myocardial infarction, and even 
sudden death have occurred during temporary withdrawal of 
nitrates from these workers, demonstrating the existence of true 
physical dependence. 

Several clinical trials in patients with angina pectoris have 
evaluated nitroglycerin regimens which incorporated a 10-12 hour 
nitrate-free interval. In some of these trials, an increase in the 
frequency of anginal attacks during the nitrate-free interval was 
obse in a small number of patients. In one trial, patients 
demonstrated decreased exercise tolerance at the end of the 


-nitrate-free interval. Hemodynamic rebound has been observed 


only rarely; on the other hand, few studies were so designed that 
rebound, if it had occurred, would have been detected. The 
importance of these observations to the routine, clinical use of 
transdermal nitroglycerin is unknown. 
Information for Patients 
Daily headaches sometimes accompany treatment with nitroglyc- 
erin. In patients who get these headaches, the headaches may be a 
marker of the peal of the drug. Patients should resist the 
temptation to avoid headaches by altering the schedule of their 
treatment with nitroglycerin, since loss of headache may be 
associated with simultaneous loss of antianginal efficacy. 
Treatment with nitroglycerin may be associated with lightheaded- 
ness on standing, especially just after rising from a recumbent or 
seated position. This effect may be more frequent in patients who 
have also consumed alcohol. 
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_ After normal use, there is enough residual nitroglycerin in 
discarded patches that they are a potential hazard to children and 


pets. 

A patient leaflet is supplied with the systems. 
Drug Interactions 
The vasodilating effects of nitroglycerin may be additive with those 
of other vasodilators. Alcohol, in particular, has been found to 
exhibit additive effects of this variety. 

Marked symptomatic orthostatic hypotension has been reported 
when calcium channel blockers and organic nitrates were used in 
combination. Dose adjustments of either class of agents may be 
necessary. 

Carcinogenesis, Mutagenesis, impairment of Fertility 

No long-term animal studies have examined the carcinogenic or 
mutagenic potential of nitroglycerin. Nitroglycerin's effect upon 
reproductive capacity is similarly unknown. 

Pregnancy Category C 

Animal reproduction studies have not been conducted with 
nitroglycerin. It is also not known whether nitroglycerin can cause 
fetal harm when administered to a pregnant woman or whether it 
can affect reproductive capacity. Nitroglycerin should be given to a 
pregnant woman only if clearly needed. 

Nursing Mothers 

It is not known whether nitroglycerin is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be 
exercised when nitroglycerin is administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse reactions to nitroglycerin are generally dose-related, and 
almost all of these reactions are the result of nitroglycerin’s activity 
as a vasodilator. Headache, which may be severe, is the most 
commonly reported side effect. Headache may be recurrent with 
each daily dose, especially at higher doses. Transient episodes of 
lightheadedness, occasionally related to blood pressure changes, 
may also occur. Hypotension occurs infrequently, but in some 
patients it may be severe enough to warrant discontinuation of 
therapy. Syncope, crescendo angina, and rebound hypertension 
have been reported but are uncommon. 

Extremely rarely, ordinary doses of organic nitrates have caused 
methemoglobinemia in normal-seeming patients. Methemoglobin- 
emia is so infrequent at these doses that further discussion of its 
diagnosis and treatment is deferred (see Overdosage). 


Application-site irritation may occur but is rarely severe. 

In two placebo-controlled trials of intermittent therapy with 
nitroglycerin patches at 0.2 to 0.8 mg/hr, the most frequent 
adverse reactions among 307 subjects were as follows: 


Placebo Patch 
Headache 18% 63% 
Lightheadedness 4% 6% 
Hypotension, and/or syncope 0% 4% 
Increased angina 2% 2% 
OVERDOSAGE 
Hemodynamic Effects 


The ill effects of nitroglycerin overdose are generally the result of 
nitroglycerin's capacity to induce vasodilatation, venous pooling, 
reduced cardiac output, and hypotension. These hemodynamic 
changes may have protean manifestations, including increased 
intracranial pressure, with any or all of persistent throbbing 
headache, confusion, and moderate fever; vertigo; palpitations; 
visual disturbances; nausea and vomiting (possibly with colic and 
even bloody diarrhea); syncope pens ly in the upright posture); 
air hunger and dyspnea, later followed by reduced ventilatory effort; 
diaphoresis, with the skin either flushed or cold and clammy; heart 
block and bradycardia; paralysis; coma; seizures; and death. 

Laboratory determinations of serum levels of nitroglycerin and 
its metabolites are not widely available, and such determinations 
have, in any event, no established role in the management of 
nitroglycerin overdose. as 

No data are available to suggest physiological maneuvers (e.g., 
maneuvers to change the pH of the urine) that might accelerate 
elimination of nitroglycerin and its active metabolites. Similarly, it is 
not known which, if any, of these substances can usefully be 
removed from the body by hemodialysis. 

No specific antagonist to the vasodilator effects of nitroglycerin 
is known, and no intervention has been subject to controlled study 
as a therapy of nitroglycerin overdose. Because the hypotension 
associated with nitroglycerin overdose is the result of venodilatation 
and arterial hypovolemia, prudent therapy in this situation should 
be directed toward an increase in central fluid volume. Passive 
elevation of the patient's legs may be sufficient, but intravenous 
infusion of normal saline or similar fluid may also be necessary. 

The use of epinephrine or other arterial vasoconstrictors in this 
setting is likely to do more harm than good. 

In patients with renal disease or congestive heart failure, therapy 
resulting in central volume expansion is not without hazard. 
Treatment of nitroglycerin overdose in these patients may be subtle 
and difficult, and invasive monitoring may be required. 
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Methemoglobinemia E EN l s 
Nitrate ions liberated during metabolism of nitroglycerin can oxidize 
hemoglobin into methemoglobin. Even in patients totally without 

chrome bs reductase activity, however, and even assuming that 
the nitrate moieties of nitroglycerin are quantitatively applied to 
oxidation of hemoglobin, about 1 mg/kg of nitroglycerin should be 
required before any of these patients manifests clinically significant 
(= 10%) methemoglobinemia. In patients with normal reductase 
unction, significant production of methemoglobin should require 
even larger doses of nitroglycerin. In one study in which 36 patients 
received 2-4 weeks of continuous nitroglycerin therapy at 3.1 to 
4.4 mg/hr, the average methemoglobin level measured was 0.2%; 
this was comparable to that observed in parallel patients who 
received placebo. 

Notwithstanding these observations, there are case reports of 
significant methemoglobinemia in association with moderate 
overdoses of organic nitrates. None of the affected patients had 
been thought to be unusually susceptible. 

Methemoglobin levels are available from most clinical laborato- 
ries. The diagnosis should be suspected in patients who exhibit 
signs of impaired oer delivery despite adequate cardiac output 
and adequate arterial pO,. Classically, methemoglobinemic blood is 
described as chocolate brown, without color change on exposure to 
air. 

When methemoglobinemia is diagnosed, the treatment of choice 
is methylene blue, 1-2 mg/kg intravenously. 


DOSAGE AND ADMINISTRATION 

The suggested starting dose is between 0.2 mg/hr*, and 

0.4 mg/hr*. Doses between 0.4 mg/hr* and 0.8 mg/hr* have 
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Concurrent Compliance Reduction and Increased 
Peripheral Resistance in the Manifestation 
of Isolated Systolic Hypertension 


David S. Berger, MS, and John K.-J. Li, PhD 


The hemodynamic mechanisms responsible for pro- 
ducing isolated systolic hypertension (ISH) in the 
elderly are generally attributed to a decrease in 
arterial compliance. However, no consistent theo- 
retical or experimental model has been proposed 
for the production of ISH. This problem was inves- 
tigated with the use of computer simulation of the 
modified Windkessel model, an often-used tool in 
the study of arterioventricular function. Aortic 
pressure (P,(t)) and aortic flow (Q,(t)) data were 
used to obtain the model parameters: peripheral re- 
sistance (Rs), arterial compliance (C) and charac- 
teristic impedance of the proximal aorta (Zo). Using 
Q.(t) as the input to the model, the effects of al- 
tered vascular properties on P,(t) were studied by 
changing these model parameters. Graded reduc- 
tions of C (25, 50 and 75%) alone increased systol- 
ic pressure (P,), but also decreased diastolic pres- 
sure (P4) to values below those found in ISH. On the 
other hand, an increase in Rs of 25% along with a 
50 to 75% increase in C resulted in percent 
changes in P, and P, that would result in ISH from 
a normal pressure level. These results were consis- 
tent for a wide range of pressures. Decreased arte- 
rial compliance alone is not always responsible for 
the production of ISH. Rather, isolated systolic hy- 
pertension is usually the result of greatly reduced 
arterial compliance along with a smaller but signifi- 
cant increase in peripheral resistance. 

(Am J Cardiol 1990;65:67-71) 
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defined as a systolic pressure 2160 mm Hg and a 

diastolic pressure <90 mm Hg! and has shown 
strong correlation with cardiovascular disease, especial- 
ly coronary artery disease in Western subjects.27+ ISH 
can be found in both older and younger people.° ISH in 
the young is generally attributed to increased sympa- 
thetic tone, resulting in an abnormally short rapid ejec- 
tion period, increased cardiac output and increased 
heart rate. The mechanism causing ISH in the elderly 
has proven to be much more elusive. 

Adamopoulos et al showed that the total peripheral 
resistance was significantly greater in elderly patients 
with ISH compared to normotensive individuals in the 
same age group. Vardan et al’ also demonstrated, 
through the use of thiazide therapy, the importance of 
elevated peripheral resistance in the genesis of ISH. Si- 
mon et al,° however, found only a significant decrease in 
compliance in elderly ISH patients compared to normal 
subjects, suggesting reduced arterial compliance as the 
main cause of ISH.68 Smulyan et al,? however, demon- 
strated that decreased forearm compliance in ISH is the 
result of increased systolic pressure and not the cause. 
Results from intact dog experiments also suggested that 
decreased arterial compliance alone would not result in 
ISH.!° Despite these hemodynamic findings and pro- 
posed mechanisms, no theoretical or animal model has 
been proposed that will consistently produce ISH. 

We address the mechanism of ISH in the elderly 
only (vascular changes). We studied the problem by 
computer simulation of the arterial system with the 
modified Windkessel model,!! using measured aortic 
flow as the input and aortic pressure as the output. 
With the model, we simulated alterations in vascular 
properties by changing the model parameters. This pro- 
vided an excellent way to study the possible mechanisms 
for ISH in the elderly. 


[et systolic hypertension (ISH) is generally 


METHODS 

Description of simulation: THE LUMPED ARTERIAL SYS- 
TEM MODEL: The modified Windkessel model is shown in 
Figure 1. Zo, Rs and C represent the aortic characteris- 
tic impedance, total peripheral resistance and systemic 
arterial compliances, respectively. This model was cho- 
sen for its simplicity and accurate reproduction of arte- 
rial input impedance at low and high frequencies.!!~!3 
Moreover, its ability to accurately predict systolic and 
diastolic aortic pressures'!* makes it ideal for studying 
ISH. 
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State equations that describe the behavior of the 
model are: 


Us Lea hi 
capo eo ii 


and P,(t) = P.(t) + Zo- Q,(t), (2) 
where Q,(t) is the input aortic flow and aortic pressure 
[P.(t)] is the output. P,(t) is the compliance pressure. 
Equation (1) was solved numerically for P,(t) and P,(t) 
was then obtained. 

Model parameters: CHARACTERISTIC IMPEDANCE: ZO 
was determined in the time domain by the instanta- 
neous ratio of the change in aortic pressure (AP,) to the 
change in aortic flow (AQ,) in early ejection: AP, is the 
difference between P,(t) at any time in early ejection 
and Py, the diastolic pressure. AQ, is simply Q,(t), be- 
cause there is no flow at end-diastole. Therefore, 


PAB; 
Q, (t) 


Because wave reflection and other peripheral effects are 
small in early ejection, such as the first 60 ms, equation 
(3) provides a simple and reasonably accurate way to 
calculate Zo.!5-!8 This method of determining Zo has 
been shown to compare favorably with high frequency 
average of the input impedance, which requires complex 
Fourier analysis. 

PERIPHERAL RESISTANCE: Peripheral resistance (Rs) is 
defined as the ratio of mean arterial pressure (P,) to 
mean aortic flow (Q,), assuming left atrial pressure is 
small. 





Zo (3) 


early ejection. 


Rs = P,/Q.. (4) 

ARTERIAL COMPLIANCE: The diastolic aortic pressure 

decays exponentially with a time constant, 7, in accor- 

dance with the Windkessel model. Therefore, a simple 

expression relating pressure at end-diastole (Py) and 
pressure at end-systole (Pes) can be written as 


Py 49 Pu 7 oe, (5) 
where ty is the diastolic time (Figure 2) and 
T=Rs-C (6) 
Solving equation (5) for C gives 
a! 
: (7) 


C = =: 
Rs - In(P,/P.,) 
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Data collection: Pressure and flow data from previ- 
ously performed experiments on mongrel dogs of either 
sex with an average weight of 23 kg were used in the 
simulations. Experimental data were used in the simula- 
tions for a number of reasons; the first being that real 
flow waveforms would result in more realistic pressures, 
especially because ventricular ejection is very similar in 
patients with and without ISH.6 A second reason is that 
using actual pressure and flow waveforms allowed us to 
derive actual Windkessel model parameters for use in 
the simulation. Most importantly, the numerical tech- 
nique used to solve for the aortic pressure required digi- 
tized flow waveforms. 

Briefly, each dog was anesthetized with intravenous 
sodium pentobarbital (25 mg/kg), trachea-intubated 
and artificially respired on an oxygen/room air mixture. 
A left thoracotomy was performed at the fifth intercos- 
tal space to expose the heart and great vessels. The as- 
cending aorta was isolated for placement of a cuff-type 
electromagnetic flow probe for measurement of aortic 
flow. A catheter-tip blood pressure transducer was ad- 
vanced from the femoral artery to the immediate vicini- 
ty of the flow probe for simultaneous measurement of 
aortic pressure. A standard lead electrocardiogram was 
also recorded. The frequency response of the pressure 
transducer was flat to well beyond 100 Hz. The flow- 
meter output low pass filter was 3 db down at 100 Hz. 
At this setting the amplitude response was flat within + 
5% to 30 Hz with a linear phase shift. The flow probes 
were statically calibrated against known volume flow 
rates in excised vessels. 

Simultaneous recordings of P,(t), Q.(t) and the elec- 
trocardiogram were made on a 4-channel frequency 
modulated tape recorder (Vetter, C-4) and on a Gould 
electrostatic recorder at a paper speed of 100 mm/s 
with 10-ms time lines. 


RESULTS 

Figure 3 shows a typical pair of measured and 
the model-predicted aortic pressure waveforms. The — 
Windkessel parameters for this example were: Rs = 
3.39 mm Hg - s/ml, C = 0.40 ml/mm Hg and Zo = 
0.17 mm Hg - s/ml; and for the remaining 2 dogs, re- 
spectively: Rs = 3.40, C = 0.35 and Zo = 0.23; and Rs 
= 3.68, C = 0.45 and Zo = 0.16. For this pressure 
waveform, the measured peak systolic pressure (P;) to 
diastolic pressure (P,) was 119/90 mm Hg. For the re- 


FIGURE 1. The modified Windkessel mod- 
el of the arterial system. Q.(t) is the aortic 
flow and Q,(t) and Q,(t) are respective 
branch flows through C and Rs. P,(t) is 
the aortic pressure and P,(t) is the 
compliance pressure. 


TABLE I Ps/Pd for Different Compliance and Rs 
Combinations* 


Compliance 
-10% 


Rs 
No change 
15% 135/101 137/99 142/92 164/73 
25% 145/111 146/108 152/102 173/82 
* Actual values of C and Rs were 0.40 ml/mm Hg and 3.39 mm Hg - s/ml, 


respectively. 
Rs = peripheral resistance. 


120/86 122/84 128/77 149/59 





maining 2, these were 103/69 and 131/105 mm Hg. 
The model-predicted values of P, and Pa were 120/87 
mm Hg for the first dog, 104/69 mm Hg for the second 
and 130/102 mm Hg for the third. Thus, the Windkes- 
sel model is reasonably accurate in predicting P, and Py. 
Figure 4 shows the effects on the pressure waveform 
of a 50% decrease in C together with different increases 
in Rs (0, 15 and 25%). P, and Py values for a wide 
range of C and Rs for this same waveform are listed in 
Table I. The percent changes in P, and Py for this ex- 
ample were typical for all the data collected (Table II). 
Table II lists percent changes in P, and Py for 3 dogs 
with very different control values of P, and Py. (All per- 
cent changes are changes with respect to the predicted 
values of P, and Py using the control parameters.) 


DISCUSSION 

Blood pressure and the model parameters: The ef- 
fects on blood pressure due to changes in arterial com- 
pliance and peripheral resistance are fairly well known. 





FIGURE 2. Aortic pressure (P,[t]) and flow (Q,[t]) waveform 
(dog 2). P., Pes and P4 are maximum systolic, end-systolic and 
end-diastolic pressures, respectively. T = period of the cardiac 
cycle; t4 = the diastolic time; t, = the time at end-ejection. 





TABLE Il Percent Changes in Ps/Percent Changes in Pd* 


Compliance 


—25% 
Rs 


No change 
15% 


25% 


* Values are mean percent differences + standard deviation, from the predicted 
pressures using the actual values of compliance and Rs. 
Abbreviation as in Table |. 


An increase in Rs results in an increased mean pressure, 
and if C is unchanged, systolic and diastolic pressure 
would both increase. On the other hand, changing C 
should have no effect on P,, if the flow waveform re- 
mains unchanged. A decrease in C would therefore re- 
sult in an increased systolic pressure and a decreased 
diastolic pressure. Specifically, the effect of decreasing 
C (higher P., lower Pa) and increasing Rs (higher P, 
and P4) would superimpose to result in a larger increase 
in P, than P4.!™ These effects on blood pressure, due 
to various combinations of altered C and Rs, have been 
shown to occur in isolated cat hearts beating into an 
artificial hydraulic load,”! in isolated dog hearts beating 
into a computer-controlled arterial loading system?” and 
in intact dog hearts.!° What are unknown, however, are 
the quantitative changes in systolic and diastolic pres- 
sures due to changes in C and Rs. Can changes in arte- 
rial compliance and peripheral resistance affect blood 
pressure in such a way as to result in ISH, and if so, 
what are these changes? 

Isolated systolic hypertension and the model pa- 
rameters: Assuming that normal adult P, is 120 mm 
Hg and Py is 80 mm Hg, then ISH, according to our 
earlier definition, (160/95 mm Hg) requires at least a 
33% increase in P, and no more than an 18.75% in- 
crease in Py. Therefore, according to the predicted pres- 
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FIGURE 3. Measured (square) and model-derived (diamond) 
aortic pressure. 
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sures (Figure 4) and the percent changes (Table II), a 
decrease in C alone cannot cause ISH. A moderate de- 
crease in C (25%) would not result in a high enough P,, 
whereas an extreme reduction in C (75%) would not 
only cause P, to increase to only 145 mm Hg but would 
also cause Py to decrease far below normal (<80 mm 
Hg). On the other hand, a concurrent increase in Rs (of 
about 25%) along with a reduction in C (between 50 
and 75%) could, at least in principle, cause ISH. Be- 
cause the modified Windkessel model predicts P, and Pg 
rather well, and keeping in mind that hypertension is, at 
best, ambiguous and that the levels of hypertension 
should not be considered clear cut, we believe that 
similar changes of C and Rs in humans or laboratory 
animals will produce pressures falling into the range of 
ISH. 

O’Rourke”® has also pointed out that wave reflection 
could play a part in modifying the pressure contour. 
The Windkessel model lacks pulse transmission and did 
not allow us to examine this aspect. It is entirely possi- 
ble that early wave reflections can augment systolic 
pressures in the aorta. The effect would be more pro- 
nounced in brachial arteries where conventional mea- 
surements are made. Thus, consideration of wave reflec- 
tion may prove important if systolic pressure in ISH can 
be lowered by reduction in wave reflection, rather than 
by increasing arterial compliance through drug therapy. 

The present study is model-based, using identical 
flows with different vascular parameters to predict 
changes in pressure. The decision to use control flows to 
model ISH was based on published patient data. In the 
studies of Simon et al,°* patients with ISH had similar 
heart rates, left ventricular ejection times, cardiac in- 
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dexes and ventricular ejections (slightly decreased in 
some) as patients without ISH. These data indicate that 
the flow is similar for ISH and normotensive patients 
and point to the vasculature for the mechanism of ISH. 
Whereas this statement may seem to disagree with ex- 
perimental findings, in which altering Rs and C altered 
the flow waveform,!®?!-22 the situations are very differ- 
ent. The differences are mainly of time; changing Rs 
and C in the experimental studies was a relatively large 
and rapid perturbation, compared to changing vascular 
properties in humans, taking place over approximately 
60 years. The cardiovascular system of an aging person 
could adapt to these relatively slow changes to maintain 
stroke volume. In the intact heart study!? there simply 
was not sufficient time to allow for such adaptation. In 
the isolated heart studies,?!:?? all neural and humoral 
controls were (necessarily) cut off, further limiting the 
adaptive process. Despite these differences, the findings 
of Randall et al!° seem to agree very well, at least quali- 
tatively, with the model predictions. 

Simon et al® showed that the only difference be- 
tween older patients with and without ISH was that pa- 
tients with ISH had a decreased compliance. However, 
Simon et al also showed a definite, although statistically 
insignificant, increase in Rs in patients with ISH over 
patients without ISH. In addition, Adamopoulos et al’ 
reported a sizable increase in Rs in ISH patients, as did 
Vardan et al.’ Normal aging has its effects on vascular 
properties as well, such that peripheral resistance in- 
creases and arterial stiffness increases, especially in the 
aorta, resulting in diminished compliance.*+-*° There- 
fore, we should expect that in normal, healthy people, P, 
should gradually increase with age and Py should re- 


C=.20 Rs=3.39 


FIGURE 4. Predicted 
aortic pressures using 
different values of C (mi/ 
mm Hg) and Rs (mm Hg - 
s/ml). A, measured values 
of C and Rs. B, 50% de- 
crease in C, same Rs. C, 
50% decrease in C, 15% 
increase in Rs. D, 50% 
decrease in C, 25% in- 
crease in Rs. 


C=.20 Rs=4.24 
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main rather constant, and this has been shown to be the 
case.2© The data of Simon et al® indeed confirm that Rs 
in the older patients is much higher than Rs in younger 
patients. It is therefore possible that some of the Rs in- 
crease responsible for ISH (and decreased C) occurs 
naturally with age. Thus, ISH would likely be the result 
of an increase in peripheral resistance and a concurrent 
decrease in arterial compliance at levels greater than 
that normally seen in aging adults. 
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VALVULAR HEART DISEASE 


Failure of Balloon Aortic Valvuloplasty to Result 
in Sustained Clinical Improvement in Patients 
with Depressed Left Ventricular Function 


Charles J. Davidson, MD, J. Kevin Harrison, MD, Mark E. Leithe, MD, 
Katherine B. Kisslo, RDMS, Thomas M. Bashore, MD 


Although balloon aortic valvuloplasty usually 
results in acute hemodynamic improvement, 
recurrent symptoms often occur within several 
months. The current study was designed to deter- 
mine whether clinical characteristics, including in- 
vasive hemodynamic parameters of left ventricular 
(LV) performance, are predictive of short-term 
patient outcome. Eighty-one consecutive patients 
were prospectively enrolled in the study protocol. 
High-fidelity dual sensor micromanometer cathe- 
ters, digital ventriculography and aortography and 
Fick cardiac output were measured before and im- 
mediately after balloon aortic valvuloplasty. Stroke 
work was defined from pressure-volume loops. The 
acute hemodynamic results obtained in patients 
with overall improved symptoms were compared to 
those with recurrent symptoms at 3 months. Fifty- 
three patients (65%) were improved at 3-month 
evaluation (group 1), whereas 28 patients (35%) 
had either returned to symptoms at baseline (17), 
had undergone aortic valve replacement (3) or had 
cardiac death (8). Compared to patients with im- 
proved symptoms, patients with recurrent symp- 
toms demonstrated a lower cardiac output, higher 
LV end-systolic volume, decreased LV ejection 
fraction, diminished LV stroke work and decreased 
LV peak positive dP/dt. The final aortic valve area 
and change in aortic valve area did not predict 
which patients would develop recurrent symptoms. 
Stepwise logistic regression revealed that LV ejec- 
tion fraction was the only independent predictor of 
overall status at 3 months (p = 0.002). Eighty-four 
percent of patients with an ejection fraction >45% 
were improved. In the group with an ejection frac- 
tion <45%, less than half of the patients demon- 
strated improved symptoms at short-term follow- 
up. Parameters of LV performance can accurately 
predict short-term patient outcome after balloon 
aortic valvuloplasty. Because patients with de- 
pressed baseline LV function are much less likely to 
have improved symptoms compared to patients 
with preserved LV performance, the clinical out- 
come of balloon aortic valvuloplasty appears pri- 
marily related to underlying LV function rather 
than any measurable change during the procedure. 
(Am J Cardiol 1990;65:72-77) 
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advocated for the treatment of severe aortic ste- 

nosis in a variety of patient groups.'!~? Although 
the procedure is initially successful in reducing the 
transvalvular gradient, increasing the aortic valve area 
and improving symptoms, it is apparent that valvular 
restenosis is virtually inevitable within a variable period 
of time after balloon valvuloplasty.4-© However, persis- 
tent improvement in symptoms, in particular congestive 
heart failure and angina, may not be related to hemody- 
namic evidence of valvular restenosis." The precise role 
and indications of balloon aortic valvuloplasty have yet 
to be defined in the treatment of calcific aortic stenosis. 
It is unknown which patients will receive long-term ben- 
efit from balloon dilatation and, conversely, which pa- 
tients are least likely to derive even short-term improve- 
ment in symptomatology. Deterioration of symptoms 
may often occur within days to weeks after balloon aor- 
tic valvuloplasty despite initial hemodynamic evi- 
dence indicative of successful dilatation.4° We deter- 
mine whether either baseline demographic variables and 
invasive hemodynamic parameters of left ventricular 
(LV) performance or the resultant changes from the 
valvuloplasty procedure are predictive of overall symp- 
tomatic status as early as 3 months after balloon aortic 
valvuloplasty. 


P ercutaneous balloon aortic valvuloplasty has been 


METHODS 

Patient population: Eighty-one consecutive patients 
who underwent balloon aortic valvuloplasty at Duke 
University Medical Center were prospectively enrolled 
in the study protocol, which was previously approved by 
the institutional review board. Balloon aortic valvulo- 
plasty was performed in patients who were at high risk 
for aortic valve replacement due to advanced age or the 
presence of other significant medical illnesses. Surgical 
consultation was obtained before the procedure in all 
patients. The mean age was 76 + 8 years (range 53 to 
89 years). Before the valvuloplasty, all patients had se- 
vere aortic stenosis and were symptomatic, with either 
New York Heart Association functional class III or IV 
congestive heart failure (74) or Canadian functional 
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class III or IV angina (51), or a combination. Based on 
supravalvular aortography and echocardiography, the 
cause of aortic stenosis was presumed to be senile calcif- 

ic aortic stenosis in 77 and bicuspid aortic stenosis in 4. 
. Valvuloplasty procedure: Balloon aortic valvuloplas- 
ty was performed by the retrograde technique in all pa- 
tients. A single balloon (Mansfield, Inc.) of 20-mm and 
23-mm maximal diameter was used in 62 and 6 pa- 
tients, respectively. Thirteen patients had double bal- 
loon valvuloplasty performed with 20-mm and 10-mm 
balloons, respectively. 

LV and aortic pressures were measured immediately 
before and after balloon valvuloplasty with dual sensor 
high-fidelity micromanometer pigtail catheters (Millar, 
Inc.). R-wave gated mask-mode digital subtraction left 
ventriculography and supravalvular aortography were 
obtained before and after balloon dilatation. Left ven- 
triculography was performed in the 30° right anterior 
oblique projection using 45 cc of nonionic contrast me- 
dia at 12 cc/s. Ventricular volumes were performed us- 
ing area-length formulas and a regression equation de- 
rived from 10 previously calibrated human heart casts 
of known volume. Aortography was obtained in the left 
anterior oblique projection using 40 cc of contrast at 
20 cc/s. Aortic regurgitation was graded 0 to 4+ by 2 
independent observers using a standard angiographic 
grading scale. LV and aortic images were recorded us- 
ing an ADAC 4100-C Digital Radiography System in- 
terfaced to a GE-MPX L/U x-ray unit. Images were 
recorded using a 9-inch image intensifier mode into a 
256 X 256 X 8 pixel matrix at 30 frames/s. 

Before and immediately after balloon aortic valvulo- 
plasty, oxygen consumption was measured with a meta- 
bolic cart (Sensormedics MMC Horizon System), pul- 
monary artery and systemic arterial oxygen content and 
saturation were determined and Fick cardiac outputs 
were generated. The effective aortic valve area was cal- 
culated by the Gorlin formula.? 

Patient evaluation: Symptomatic status was evaluat- 
ed by a physician interview and examination at baseline 
' and at 3 months after the procedure unless a cardi- 
ac event occurred before that time. Endpoints were 
achieved when the patient died, underwent aortic valve 


FIGURE 1. Patient outcome at 3- and 6- 
month evaluation. AVR = aortic valve 
replacement. 


Baseline 
n= 81 





replacement or was evaluated 3 months after the proce- 
dure. 

Patients were divided into 2 groups based on overall 
status at the follow-up evaluation. Group 1 (53) consist- 
ed of patients whose overall status was improved and 
group 2 (28) included those patients with recurrent 
symptoms. Overall symptomatic status was considered 
improved if there was =1 grade improvement in either 
anginal or congestive heart failure functional class. Pa- 
tients were classified as having recurrent symptoms if 
the anginal or congestive heart failure functional class 
either did not improve after the procedure, returned to 
baseline status or was worse than baseline, or if the pa- 
tient incurred a cardiac event (e.g., sudden cardiac 
death or cardiac death). 

Data analysis: Results are expressed as mean + 
standard deviation. Statistical analysis between groups 
was performed using either a Wilcoxon rank-sum or 
signed rank test for continuous data or chi-square test 
for categorical data. A p value <0.05 was considered 
significant. Stepwise logistic regression analysis was 
used to test the independent value of baseline factors 
that were judged significant in the univariable analysis. 


RESULTS 

Patient outcome: Overall symptomatic status was 
evaluated in the 81 patients at follow-up and compared 
to baseline status (Figure 1). Fifty-three patients (65%) 
were improved at the 3-month evaluation (group 1). 
Recurrent symptoms (group 2) developed in 28 patients 
(35%). In the group of patients with recurrent symp- 
toms, 17 returned to baseline symptoms, 3 underwent 
aortic valve replacement and 8 suffered a cardiac death. 
There were no significant differences between the 2 
groups in age (group 1, 79 years [range, 53 to 89] vs 
group 2, 75 years [range, 61 to 85]), sex (group 1, 46% 
men vs group 2, 36% men) or presence of coronary ar- 
tery disease (group 1, 49% vs group 2, 64%). 

At 6 months, an additional 18 patients developed re- 
current symptoms (12 returned to baseline, 1 underwent 
aortic valve replacement and 5 cardiac deaths occurred) 
(Figure 1). Thus, the probability of event-free survival 
was 65% at 3 months and 43% at 6 months. Due to the 
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large number of events within the first 3 months, this 
endpoint was used to evaluate determinants of patient 
outcome. 

Congestive heart failure was present at baseline in 
74 patients and was improved by at least 1 functional 
Class in 45 (61%) at the 3-month evaluation. Eighteen 
(24%) had recurrent symptoms to a similar degree as 
before balloon aortic valvuloplasty. Eight (11%) suf- 
fered a cardiac death and 3 patients (4%) required aor- 
tic valve replacement. 

Fifty-one patients were in Canadian functional class 
II or IV angina before balloon aortic valvuloplasty. At 
3 months follow-up, 32 (63%) were improved by at least 
1 functional class. However, 12 (24%) had recurrent 
symptoms, 6 (12%) had a cardiac death and 1 (2%) 
required aortic valve replacement due to return of 
symptoms. 

Hemodynamic results: In the total group of patients 
(81), balloon aortic valvuloplasty resulted in a signifi- 
cant decrease in left ventricular/aortic peak-to-peak 
and mean gradient from 70 + 25 to 34 + 18 mm Hg (p 
<0.0001) and 57 + 18 to 34 + 13 mm Hg (p <0.0001). 
Effective aortic valve orifice area increased from 0.57 + 
0.17 to 0.83 + 0.21 cm? (p <0.0001). Peak systolic aor- 
tic pressure was unchanged (138 + 33 to 139 + 30 mm 
Hg; p = 0.29). Left ventricular systolic pressure and 
end-diastolic pressure decreased from 207 + 39 to 177 
+ 32 mm Hg (p <0.001) and 21 + 9 to 17 + 8 mm Hg 
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(p <0.001), respectively. Left ventricular ejection frac- 
tion increased from 46 + 18 to 49 + 18% (p <0.0001). 
Aortic regurgitation increased by 1 grade in 4 patients 
and decreased by 1 grade in 5 patients. No patient had 
>l grade change in the severity of aortic regurgitation. 

The baseline hemodynamic results of the 2 groups 
were compared (Figure 2). Before balloon aortic valvu- 
loplasty, LV/aortic peak-to-peak gradient was similar 
(group 1, 73 + 23 mm Hg vs group 2, 64 + 30 mm Hg) 
(p = 0.10), as was the aortic valve area (0.53 + 0.16 vs 
0.49 + 0.18 cm?) (p = 0.11). However, the mean aortic 
transvalvular gradient was 61 + 17 in group 1, as op- 
posed to 50 + 19 in group 2 (p = 0.02). After the pro- 
cedure, there continued to be no significant difference in 
peak-to-peak transvalvular gradient, nor was there a 
difference in the final aortic valve area between patients 
with recurrent symptoms and those with overall im- 
proved symptoms. Evaluation of patients with a final 
aortic valve area 21.0 cm? also did not allow distinction 
between the 2 groups. Seventeen (32%) patients with 
improved symptoms had a final aortic valve area =1.0 
cm? as opposed to 4 (14%) with return of symptoms 
(chi-square = 3.0, p = 0.08). 

The absolute change in transvalvular gradient and 
change in aortic valve area achieved with the procedure 
were evaluated for the 2 groups. The absolute decrease 
in aortic transvalvular gradient and increase in aortic 
valve area were similar for patients with improved 


Symptoms 
Improved 
(n=53) 
FIGURE 2. Aortic transvalvular gradient 
- re W ent | and aortic valve area (AVA) before and 
(n=28) after valvuloplasty. No differences were 
observed between patients who improved 
at 3 months and those with recurrent 
symptoms. BAV = balloon aortic valvulo- 
plasty. 
All p=NS 


FIGURE 3. Change in aortic valve area 
(AVA) and transvalvular gradient. At 3 
months, no differences were observed in 
the group with improved symptoms versus 
those with recurrent symptoms. NS = not 
significant. 


symptoms versus those with recurrent symptoms (Fig- 
ure 3). 

Hemodynamic measures of LV systolic performance 
differed significantly in the 2 groups before balloon aor- 
tic valvuloplasty (Figure 4). Baseline Fick cardiac out- 
put was decreased in patients with early return of symp- 
toms (3.8 + 1.2 vs 4.5 + 1.3 liters/min, p = 0.007). 
Additionally, patients with recurrent symptoms had a 
higher LV end-systolic volume both at baseline (98 + 
55 vs 68 + 51 ml, p = 0.004) and after valvuloplasty 
(93 + 49 vs 63 + 47 ml, p = 0.001). 

Patients with early return of symptoms demon- 
strated evidence of impaired systolic performance be- 
fore the procedure as evidenced by decreased LV ejec- 
tion fraction (35 + 17 vs 52 + 17%, p = 0.0002), low 
LV stroke work (11-4 8 vs 14 + 6 erg X 10°, p = 


FIGURE 4. Hemodynamic parameters of 
left ventricular function at baseline and 
immediately after balloon aortic valvulo- 
plasty (BAV). CO = cardiac output; 
LVESV = left ventricular end-systolic vol- 
ume. 
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0.007) and depression of LV peak positive dP/dt (1,397 
+ 481 vs 1,765 + 499 mm Hg/s, p = 0.003) (Figure 5). 

Immediately after the procedure, there continued to 
be a significant difference between the 2 groups. Systol- 
ic function, as measured by LV ejection fraction, stroke 
work and peak positive dP/dt, was lower in patients 
with early recurrent symptoms (Figure 5). 

Stepwise logistic regression analysis of baseline vari- 
ables, including demographic and invasive hemodynam- 
ic parameters of LV function, revealed that only LV 
ejection fraction was an independent predictor of overall 
status at 3 months (p = 0.002). 

Table I shows the close relation between baseline 
ejection fraction and symptomatic status at 3-month 
follow-up. The 2 groups were compared to determine 
the relative risk in patients with a depressed baseline 
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FIGURE 5. Hemodynamic 
valvuloplasty (BAV). EF = ejection fraction. 





parameters of left ventricular (LV) performance at baseline and immediately after balloon aortic 
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TABLE I Baseline Left Ventricular Ejection Fraction in 
Patients with Improved Versus Recurrent Symptoms 


Recurrent 
Symptoms 


Improved 
Symptoms 
Baseline 
LVEF (%) No. 


Chi-square = 14.8; p <0.01; odds ratio = 6.9. 


LV ejection fraction. Eighty-four percent of patients 
with an ejection fraction >45% were improved, and 
only 16% had early return of symptoms. With an ejec- 
tion fraction <45%, less than half of the patients dem- 
onstrated improved symptoms at short-term follow-up. 
Five deaths occurred in patients with an ejection frac- 
tion <45%. 

The probability of recurrent symptoms based on LV 
ejection fraction before the procedure is shown in Fig- 
ure 6. A baseline ejection fraction 245% would predict 
that there is a 16% probability of recurrent symptoms at 
3 months, as opposed to a 57% probability when ejec- 
tion fraction is <45%, 63% risk at an ejection fraction 
<35% and 59% with an ejection fraction <25%. 

In the 2 groups, there was no significant difference 
noted in the absolute change in LV ejection fraction 
(group 1, 2 + 4% vs group 2, 4 + 8%, p = 0.37), stroke 
work (group 1, 2.0 + 2.7 vs group 2, 1.2 + 2.2 erg X 
10°, p = 0.2), cardiac output (group 1, 0.0 + 0.6 vs 
group 2, 0.1 + 0.7 liters/min, p = 0.46) or LV peak 
positive dP/dt (group 1, 187 + 250 vs group 2, 143 + 
158 mm Hg/s, p = 0.46). An acute increase in LV ejec- 
tion fraction >5 units was noted in 6 of 53 (12%) pa- 
tients with improved symptoms as opposed to 7 of 28 
(25%) with early return of symptoms. Thus, the acute 
change in ejection fraction was not useful in predicting 
patient outcome. 


DISCUSSION 

We demonstrate that baseline parameters of LV 
performance can be used to accurately predict patient 
outcome after balloon aortic valvuloplasty. Patients with 
overall depression in LV systolic function are less likely 
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FIGURE 6. Probability of recurrent symptoms based on base- 
line left ventricular ejection fraction (LVEF). 
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to have improved overall status as early as 3 months 
after the procedure, whereas patients with preservation 
of baseline LV function are more likely to have a favor- 
able short-term outcome. 

Various measures of LV performance were used to 
assess systolic performance in this study. Despite the 
known effect of afterload on ejection phase indexes, the 
LV ejection fraction was the best independent predictor 
of patient outcome. Whereas more sophisticated mea- 
sures of LV function, including stroke work and peak 
positive dP/dt, were univariably associated with short- 
term follow-up status, no other baseline parameter add- 
ed to the predictive value of ejection fraction. 

The absolute changes in transvalvular gradient and 
aortic valve area, along with the final aortic valve area, 
did not distinguish between the patients with recurrent 
symptoms and those with improved symptoms. Further, 
the acute improvement in LV ejection fraction did not 
identify a subgroup of patients who demonstrated im- 
proved symptomatic status. Although other preliminary 
studies have suggested that a final aortic valve area 
>1.0 cm? portends a good outcome from balloon aortic 
valvuloplasty,'° this could not be consistently demon- 
strated in the current study. We used the most accurate 
methods to measure LV performance and aortic valve 
area, including dual sensor high-fidelity micromano- 
meter catheters, Fick cardiac output and digital sub- 
traction angiography. These differences in technique 
may account for the dissimilar results. 

Carabello et al!! demonstrated that mean aortic 
transvalvular gradient was an important predictor of 
outcome after aortic valve replacement. Although mean 
gradient in this study was univariably associated with 
short-term outcome after balloon aortic valvuloplasty, 
stepwise logistic regression did not confirm an indepen- 
dent predictive value of mean gradient. Furthermore, 
the peak LV to aortic gradient was similar in the 2 
groups at baseline and immediately after the procedure. 

In patients with depression of LV function or func- 
tional class IV congestive heart failure, aortic valve re- 
placement has been associated with an increased peri- 
operative mortality.!?-!5 However, long-term survival, 
improvement in functional class and reversal of ad- 
vanced LV dysfunction are often observed after aortic 
valve replacement. In general, LV performance appears 
to be linked to perioperative mortality rather than long- 
term survival after aortic valve replacement. 

Balloon aortic valvuloplasty, although providing an 
acute increase in aortic valve area and an improvement 
in LV function, may not provide an adequate final ef- 


_ fective orifice area to sustain symptomatic improvement 


even to 3 months in patients with associated LV pump 
dysfunction. Waller et al'!© have demonstrated that bal- 
loon valvuloplasty of nonrheumatic aortic stenosis re- 
sults in aortic wall stretching with minimal cuspal inju- 
ry. Thus, the overstretched aortic walls may recoil and 
may contribute to early clinical restenosis. The relief of 
valvular obstruction achievable when calcific aortic ste- 
nosis is dilated by balloon valvuloplasty is likely not suf- 
ficient in a dysfunctional left ventricle to result in ade- 


quate reversal of intrinsic myocardial contractile depres- 
sion. 

Although LV ejection fraction has been shown to 
increase in 13 of 28 patients as reported by Safian et 
al,!’ this does not allow prediction of which subgroup of 
patients might respond to balloon aortic valvuloplasty. 
Further, we demonstrate that approximately 60% of pa- 
tients with depressed LV function will experience early 
return of symptoms. Thus, whereas a small subset of 
patients with poor LV performance may be improved at 
3 months, it appears that, overall, the procedure is gen- 
erally ineffective in this group. 

Our data agree with those of Sherman et al,'* who 
also found a correlation between baseline ejection frac- 
tion and short-term clinical outcome. Our data extend 
these findings in a larger patient population with more 
extensive measures of LV performance, including stroke 
work and peak positive dP/dt. 

Based on the lack of even short-term improvement in 
patients with intrinsic depression of LV function, it 
would appear that balloon aortic valvuloplasty should 
not be considered definitive therapy in this subset. Indi- 
cations for balloon aortic valvuloplasty should continue 
to be limited to elderly patients at high risk for cardiac 
surgery due to comorbid disease.'?° In patients with 
New York Heart Association functional class IV con- 
gestive heart failure, balloon valvuloplasty clearly pro- 
vides a short-term improvement in patient hemodynam- 
ics over several weeks, potentially lowering operative 
risk for aortic valve replacement. Balloon aortic valvulo- 
plasty may be effectively used as a “diagnostic interven- 
tion” to identify those patients most likely to demon- 
strate improvement in LV function and contractility af- 
ter aortic valve replacement. 

As opposed to aortic valve replacement,'?-!> balloon 
aortic valvuloplasty does not appear to achieve an ade- 
quate reduction in transvalvular gradient and increase 
in aortic valve area to permit recovery of depressed LV 
function. Therefore, sustained symptomatic improve- 
„ment in patients with severe depression of LV perfor- 
mance should not be expected. The degree of baseline 
LV dysfunction may be the primary determinant of 
clinical improvement after this procedure. Procedural 
events or the acute changes that occur after the proce- 
dure appear to have a minor influence on long-term 
clinical results. 
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Effect of Isometric Exercise on Mitral and Aortic 
Regurgitation as Assessed by Color Doppler Flow 
Imaging 


Michael G. Spain, MD, Mikel D. Smith, MD, Oi Ling Kwan, BS, 
and Anthony N. DeMaria, MD 


Isometric exercise produces well-defined hemo- 
dynamic changes in normal and diseased states. 
However, the effect of isometrics on the degree of 
valvular regurgitation recorded by color Doppler 
flow imaging (CDFI) has not been reported. CDFI 
was therefore used to evaluate changes in valvular 
regurgitation in 34 patients, mean age 53 + 16 
years. Data were collected for 43 regurgitant le- 
sions including 20 cases of aortic regurgitation and 
23 cases of mitral regurgitation. Isometrics pro- 
duced a significant increase in heart rate (71 to 83 
beats/min) and blood pressure (132/64 to 153/70 
mm Hg) in all patients (p <0.0001). Regurgitant jet 
area by CDFI increased significantly in both aortic 
regurgitation (4.5 to 6.2 cm2, p <0.0001) and mi- 
tral regurgitation (6.2 to 8.2 cm2, p <0.001). Pa- 
tients taking concurrent vasodilator or angiotensin- 
converting enzyme inhibitor therapy had similar re- 
sponses to those not receiving long-term therapy. 
Thus, CDFI detects an increase in aortic and mitral 
regurgitant jet area induced by isometric exertion. 
The change in CDFI jet area with handgrip demon- 
strates the influence of loading conditions on the 
size of a regurgitant jet area, and suggests that 
isometric exertion may increase the magnitude of 
mitral and aortic regurgitation. 

(Am J Cardiol 1990;65:78-83) 
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ognized hemodynamic effects.!-? The response to 

handgrip exercise has been used to evaluate left ven- 
tricular function both in normal subjects and patients 
with various forms of heart disease, including valvular 
regurgitation.!°-!’ Nevertheless, the effect of isometrics 
on the magnitude of valvular regurgitation remains un- 
certain. 

Color Doppler flow imaging (CDFI) is a recently 
developed imaging modality that enables visualization 
of the flow disturbance in patients with valvular regur- 
gitation.!®!9 Initial data have indicated that CDFI 
enables the semiquantitation of valvular regurgitation 
noninvasively.”°-?3 Specifically, available studies have 
revealed a general correlation between regurgitant jet 
area by CDFI and the degree of regurgitation as as- 
sessed by angiography.*+ We designed this study to 
examine the effects of isometric exercise on the size of 
the regurgitant jet due to valvular heart disease using 
CDFI. 


| ee exertion is a common activity with well-rec- 


METHODS 

Study population: CDFI was performed in a pro- 
spective fashion in a group of patients in whom the pres- 
ence of valvular regurgitation was documented by phys- 
ical examination, conventional Doppler studies or cardi- 
ac catheterization. Patients were selected for inclusion 
based, in part, on the attainment of a high quality 
CDFI examination. Acceptable data were obtained for - 
43 regurgitant lesions in 34 patients, which included 20 
cases of aortic regurgitation and 23 cases of mitral re- 
gurgitation. The study group was composed of 16 wom- 
en and 18 men with a mean age of 53 + 16 years. The 
regurgitant lesions were due to multiple etiologies in- 
cluding: dilated cardiomyopathy (12), rheumatic heart 
disease (9), ischemic heart disease (8), congenital mal- 
formations (4) and treated endocarditis (1). All patients 
were in sinus rhythm and clinically compensated. Six- 
teen patients were known to be receiving concomitant 
vasodilator therapy or angiotensin-converting enzyme 
inhibitors. 

Instrumentation: All CDFI studies were performed 
by a single operator with the patient in the left lateral 
decubitus position using commercially available or pro- 
totype instruments operating with either 2.5- or 3.5- 
MHz transducers. A standard 2-dimensional echocar- 
diographic image was created; it depicted the tomo- 
graphic anatomy traversed by the ultrasound beam in 
black and white. Red blood cell flow velocities directed 





toward or away from the transducer were encoded in 16 
to 32 shades of red or blue, respectively, and superim- 
posed on the appropriate location on the echocardio- 
graphic image. Green was added to the color in each 
pixel in proportion to the variance in the Doppler signal, 
and served as an indicator of nonlaminar flow. The 
frame rate was variable depending on depth, sector arc 
and number of ultrasound interrogating bursts per scan 
line. The maximal possible frame rate was 30 frames/s 
at 12 cm depth, 15° sector arc and 4 bursts/scan line. 
Each study was performed using the narrowest sector 
angle and shallowest depth that encompassed the entire 
jet area. The maximal discernible velocity recordable 
without aliasing was 64 cm/s at 12 cm depth. Optimal 
gain settings were used in all patients, and were defined 
as the maximal gain level possible without introducing 
background artifact (color signals outside of flow areas 
or carryover of color signal from an accompanying 
chamber).?! 

Doppler examination: CDFI examinations were per- 
formed using 5 transducer orientations to identify the 
regurgitant jet. The views obtained included the para- 


FIGURE 1. Systolic frames of mitral regurgitation before (A) 
and after (B) handgrip. The mitral regurgitation, depicted as a 
blue jet (arrow), is seen to increase from 1.7 to 3.6 cm2. 
Narrow sector views have been superimposed on wide angle 
views for anatomic orientation. JA = jet area. 


sternal and apical long-axis, parasternal short-axis, 4- 
chamber apical and 2-chamber apical views. The opti- 
mal view for further study was chosen as the plane that 
most clearly displayed the largest definable regurgitant 
jet. This imaging plane was then maintained throughout 
the remainder of the study without further modification 
of the gain settings, frame rate or depth. 

The electrocardiogram and blood pressure (by cuff 
sphygmomanometer) were monitored throughout the 
protocol, and recorded at baseline and during isometric 
contraction. The stress of isometric exercise was im- 
posed using sustained handgrip of a calibrated dyna- 
mometer at one-third maximal achievable force (range 
10 to 60 kg) for a minimum of 1 minute; during and 
immediately after this, CDFI recordings for measure- 
ments were recorded. Patients received careful instruc- 
tion to avoid an associated Valsalva maneuver. 

Jet measurements: All studies were stored on 1/2- 
inch VHS videotape for playback and analysis. Regur- 
gitant jet area was measured from off-line videotape 
images at baseline and at the end of the isometric exer- 
cise. Jet area was obtained by planimetering the outer 





FIGURE 2. Diastolic frames of aortic regurgitation before (A) 
and after (B) handgrip. The aortic regurgitation, depicted as 
an orange jet (arrow), is seen to increase from 1.9 to 3.6 cm?. 
Narrow sector views have been superimposed on wide angie 
views for anatomic orientation. JA = jet area. 
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border of the largest clearly definable flow disturbance 
using a digitizing pad and light pen. The traced jet area 
included variance signals, aliased images and contigu- 
ous nonturbulent velocities. Measurements were taken 
from 3 cardiac cycles and expressed as mean jet area + 
standard deviation. All measurements were done by a 
single observer to avoid unacceptable variability from 
interobserver differences. We have previously demon- 
strated acceptable intraobserver variability necessary to 
allow sequential analysis of an interventional effect.?> 
Detection of maximal jet area with aortic insufficiency 
may be complicated by merging of signals from mitral 
inflow. When possible, maximal aortic regurgitation jet 
area was measured during isovolumic relaxation before 


lsometrics 





FIGURE 3. Mean percent increase in heart rate (HR) and sys- 
tolic blood pressure (BP) produced with isometric exercise. 
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mitral valve opening. Slow frame rates did not always 
allow identification of a jet in this manner, in which 
case the largest separately defined aortic regurgitation 
jet was analyzed. Temporal consistency was maintained 
for measurements of jet area before and after handgrip 
in each individual patient. 

Statistics: Data were analyzed before and after in- 
tervention using the Student ż test, simple linear regres- 
sion analysis and analysis of variance. The mean arteri- 
al pressure was calculated as: 2 (systolic) + (diastolic) / 


RESULTS 

Study group: Technically adequate studies were ob- 
tained at rest and with isometric exertion in 34 patients. 
No untoward effects due to handgrip occurred, and the 
patients tolerated the procedure well. Data for the 16 
patients receiving vasodilators or angiotensin-converting 
enzyme inhibitor therapy were generally similar to 
those of untreated patients. Therefore, we present re- 
sults for the group as a whole with specific comment on 
those areas in which patients taking pharmacologic 
therapy differed. A wide spectrum of jet areas was mea- 
sured from CDFI examinations (range 0.6 to 21.5 cm?). 
The range of baseline jet areas was slightly greater for 
mitral regurgitation (0.6 to 21.5 cm?, mean 6.2) than 
for aortic regurgitation (1.2 to 11.0 cm, mean 4.5). The 
mean jet area for all lesions evaluated increased signifi- 
cantly in response to isometric exertion from 5.4 + 4.7 
to 7.3 + 5.2 cm? (p <0.0001). Representative still 
frames are depicted in Figures 1 and 2. 

Heart rate and blood pressure: Handgrip produced 
an increase in both heart rate and blood pressure in ev- 
ery patient in the study. Group mean + standard devi- 
ation values for heart rate at rest (71.0 + 16.4 beats/ 
min) increased to 83.4 + 16.7 with isometrics (p 


p < .0001 


FIGURE 4. Jet areas at 
baseline and after hand- 


(righi). 
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<0.0001). Similarly, average resting blood pressure 
measurements for the group (132/64 mm Hg) in- 
creased to 153/70 after handgrip (p <0.0001). The per- 
cent increase in heart rate for the group after handgrip 
was 19 + 12%. For blood pressure it was 16 + 7% for 
systolic (Figure 3), 11 + 21% for diastolic and 14 + 
11% for mean (1/3 pulse pressure + diastolic) arterial 
pressure. 

Mitral regurgitation: The regurgitant jet area for 
the patients with mitral regurgitation significantly in- 
creased in response to static exercise from 6.2 + 5.9 to 
8.2 + 1.4 cm?, p <0.001 (Figure 4). A mean percent 
increase in jet area of 43% for all patients with mitral 
regurgitation was observed (Figure 5). A weak inverse 
correlation existed between baseline jet area and per- 
cent change in jet area in response to isometric maneu- 
vers (r = —0.41, p = 0.05). However, no relation to 
change in absolute jet area was observed. 

Aortic regurgitation: A significant increase in the 
mean aortic regurgitant jet area from 4.5 + 2.7 to 6.2 + 
3.1 cm? (p <0.0001) was produced by isometric exer- 
tion (Figure 4). Again there existed a weak inverse cor- 
relation between baseline jet area and percent change in 
jet area (r = —0.51, p = 0.02), but no correlation be- 
tween resting jet area and absolute change in jet area. 
The mean percent increase of 50% in jet area with iso- 
metrics in aortic regurgitation was similar to that seen 
with mitral regurgitation (Figure 5). 

Effects of concurrent vasodilator therapy: Although 
the changes in heart rate and blood pressure were 
slightly greater for untreated patients compared to the 
cohort receiving vasodilators (22 vs 15% and 17 vs 10%, 
respectively), these differences were not statistically sig- 
nificant. The presence or absence of concurrent vasodi- 
lator therapy also did not have a statistically significant 
effect on percent change in jet area from control to 
handgrip (40 vs 56% for treated and untreated patients, 
respectively). This lack of effect was evident for both 
mitral and aortic regurgitation when analyzed separate- 
ly. However, a slightly closer inverse correlation existed 
between resting jet area and percent change produced 
by isometrics in the subset of untreated patients than 
for the group overall: r = —0.62 for both mitral and 
aortic regurgitation. 


DISCUSSION 

The hemodynamic effects of isometric exercise have 
been well defined. Healthy subjects demonstrate an in- 
crease in systolic and diastolic blood pressure, heart rate 
and contractility while maintaining a normal systemic 
vascular resistance.!-7 Subjects with a variety of heart 
diseases also demonstrate an increase in cardiac output 
and blood pressure, but exhibit an additional increase in 
left ventricular end-diastolic pressure and systemic vas- 
cular resistance.!°-!:!726 The augmented left ventricu- 
lar end-diastolic pressure and systemic vascular resis- 
tance suggest variable degrees of inotropic inadequacy 
and partial or complete reliance on Frank-Starling 
mechanisms in patients with diseased cardiovascular 
systems.!2 Shepherd et al summarized this best when 





they noted “it seems as if the body is determined to 
achieve an increase in blood pressure during isometric 
exercise and calls upon any combination of cardiac out- 
put and peripheral resistance to achieve this goal.” 

In this study, we found that isometric exercise in- 
duced a significant enlargement of the regurgitant jet 
area that could be quantified by CDFI in patients with 
either aortic or mitral regurgitation. This increase in the 
regurgitant jet was similar in magnitude to the change 
observed in blood pressure and heart rate. The magni- 
tude of increase in the size of flow disturbance was also 
similar for patients with either mitral or aortic regurgi- 
tation. 

CDFI provides an excellent method for the detection 
of valvular regurgitation. The sensitivity of CDFI has 
been reported to be from 86 to 94% and specificity to be 
100% for the identification of various forms of regurgi- 
tation.!8:2! Early studies documented a relation between 
the length of regurgitant jet by color flow Doppler map- 
ping and angiographic severity of the lesion.'*?! More 
recently, studies have demonstrated the ability of the 
planimetered area of disturbed flow to semiquantify the 
magnitude of regurgitation.” 

Although previous studies have shown a good corre- 
lation between CDFI and angiography, only a general 
correlation has been found with measures of regurgitant 
volume.”4 This difficulty in predicting regurgitant vol- 
ume is undoubtedly related to the fact that multiple 
variables contribute to the ultimate size of the jet area 
produced by any lesion.” Variables that may affect 
quantitation of valvular regurgitation by CDFI include: 
transvalvular pressure gradient, orifice size, retrograde 
chamber size and compliance, and duration of gradient 
as influenced by heart rate.*’ Accordingly, it is possible 
that an increase in transvalvular pressure gradient due 
to isometrics may have resulted in an increased jet area 
secondary to augmented velocity without a proportion- 
ate change in regurgitant volume. 
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FIGURE 5. Mean percent increase in jet area produced by 
handgrip for aortic regurgitation (AR) and mitral regurgitation 
(MR). 
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The precise mechanism for the increase in jet area 
observed with CDFI after isometrics remains to be es- 
tablished. The magnitude of regurgitation produced by 
any lesion is determined by regurgitant orifice area as 
well as by hemodynamic factors including heart rate, 
contractility, preload and systemic vascular resis- 
tance.??-33 An increase in systemic vascular resistance 
associated with handgrip could, of course, significantly 
enhance both mitral and aortic regurgitation. We be- 
lieve that it is most likely that regurgitant jet area is 
augmented by a combination of effects on these factors, 
and that the individual components are not easily sepa- 
rated. 

We examined the question of whether patients with 
mild or severe valvular regurgitation as manifested by 
small and large jet areas differed in the magnitude of 
response to isometrics. When the change in jet area was 
analyzed in terms of absolute magnitude in cm2, no re- 
lation to the size of the disturbed flow at rest was ob- 
served. Neither was the change in jet area related to the 
magnitude of alteration in heart rate or blood pressure 
after handgrip. Thus, mitral and aortic regurgitation 
patients with large flow disturbances by CDFI do not 
appear to exhibit greater increases in jet area secondary 
to isometric exertion than do patients with evidence of 
mild regurgitation manifested by small jet areas. 

The lack of effect of long-term vasodilator therapy 
on the changes inducible in jet area was not expected. 
Wilson et alèt documented an acute decrease in wall 
stress secondary to nitroglycerin in patients with asymp- 
tomatic aortic regurgitation. Similar effects have been 
seen with other afterload reducing agents including ni- 
fedipine and nitroprusside.*!35 While 3 individual sub- 
jects who were receiving vasodilators did exhibit a mini- 
mal response (<10% increase in jet area) to isometrics 
by CDFI, no statistically significant differences could 
be detected when compared to the entire group of 
patients. These observations raise questions regarding 
whether long-term vasodilator therapy is efficacious in 
modulating the hemodynamic effects of isometric exer- 
cise in patients with valvular regurgitation, and if so, 
what dosage level is required. 

Certain factors regarding the collection and analysis 
of our data may have contributed to our results. First, 
inherent limitations of CDFI, such as attenuation of the 
ultrasound signal, aliasing, the effect of gain and consid- 
erations relating to maintaining stable transducer 
position, have been well described and apply to this 
study.*!,27,28 Second, measurements could not be per- 
formed in a totally nonblinded fashion, due to the 
changes in heart rate produced by handgrip. Third, con- 
tamination of the aortic regurgitation jet by mitral in- 
flow may result in difficulty in precisely defining the 
maximal jet area. The isovolumic aortic jet visualized 
before mitral valve opening was used for measurement 
whenever possible. Although this may not represent the 
maximal regurgitant jet, it provides data regarding rela- 
tive size. 

The findings of the present study have implications 
for the clinical application of CDFI in the assessment of 
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valvular regurgitation. Regardless of the precise mecha- 
nism, our data clearly demonstrate the ability of an 
acute intervention to produce major transient alter- 
ations in the size of regurgitant flow disturbance. There- 
fore, one must be cognizant of this potential when using 
CDF in the clinical evaluation and semiquantitation of 
a patient with valvular insufficiency. Such changes may 
be of particular importance in interpreting the signifi- 
cance of changes in jet area detected on serial examina- 
tions. 
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Short- and Long-Term Effects of Cigarette 
Smoking on Heart Rate Variability 
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The short- and long-term effects of cigarette 
smoking on autonomic cardiac regulation were 
investigated by power spectral analysis of heart 
rate variability under controlled respiration (15/ 
min). The short-term effects were examined in 9 
smokers without evidence of cardiopulmonary dis- 
orders after an overnight abstinence from smoking. 
The heart rate spectral component reflecting the 
respiratory sinus arrhythmia (0.25 Hz), a quantita- 
tive index of vagal cardiac control, decreased 3 
minutes after smoking 1 cigarette (p = 0.0061) and 
the component reflecting Mayer wave sinus 
arrhythmia (0.04 to 0.15 Hz), which includes sym- 
pathetically mediated activity, increased after 10 to 
17 minutes (p = 0.0124). The long-term effects 
were examined in 81 normal subjects comprising 
25 nonsmokers, 31 moderate (1 to 24 cigarettes/ 
day) smokers and 25 heavy (>25 cigarettes/day) 
smokers after an overnight abstinence. Although 
the magnitude of the Mayer wave component was 
unaffected by the smoking status, the respiratory 
component in the supine position was smaller in the 
young (<30 years) heavy smokers than in the 
young nonsmokers or moderate smokers (p = 
0.0078). Also, postural changes in the components, 
a decrease in the respiratory component and an 
increase in the Mayer wave component with stand- 
ing, were observed in the nonsmokers but not in 
the heavy smokers. These results suggest that 
smoking causes an acute and transient decrease in 
vagal cardiac control, and that heavy smoking 
causes long-term reduction in vagal cardiac control 
in young people and blunted postural responses in 
autonomic cardiac regulation. 

(Am J Cardiol 1990;65:84-88) 
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causes plasma catecholamine levels to increase.!- 

This has been recognized as a major mechanism 
for increased risk of coronary artery disease in smokers. 
However, the epidemiologic finding that smokers have a 
lower blood pressure between cigarettes than nonsmok- 
ers®’ suggests that the sympathetic activities in smokers 
are not persistently increased. Many recent studies®!! 
have reported increased susceptibility to sudden coro- 
nary death and increased subsequent mortality after 
myocardial infarction in patients with decreased vagal 
cardiac control assessed by heart rate variability. The 
decrease in vagal cardiac activities may be present in 
smokers and may be a reason for the association be- 
tween smoking and cardiac death. 

In this study, we examined short- and long-term ef- 
fects of smoking on autonomic cardiac control using 
spectral analysis of heart rate variability.!2-!7 The heart 
rate power spectral density contains =>2 major frequen- 
cy components, which reflect the activities of different 
divisions of the autonomic regulation system.!2-!5 The 
respiratory component!® is a quantitative reflection of 
respiratory sinus arrhythmia,'* and the Mayer wave 
component! (0.04 to 0.15 Hz) is derived from a blood 
pressure variability through the baroreflex mecha- 
nism.'* The magnitudes of these components respective- 
ly provide a quantitative index of vagal cardiac control 
and an index of sympathetic cardiac control with vagal 
modulation.!3-!° ) 


S moking acutely increases sympathetic activities and 


METHODS 

Study I: Nine male volunteers, aged 24 to 30 years, 
with normal history, physical examination and laborato- 
ry tests, including complete blood count, blood chemis- 
try, chest x-ray and electrocardiography, were selected 
from among the hospital staff and their relatives. None 
of them took any medication the week before the study. 
All were regular cigarette smokers, consuming 20 to 40 
(mean 27 + 8) cigarettes/day. On the day before the 
study, they were instructed to refrain from smoking, or 
drinking beverages containing caffeine or alcohol, for 
>8 hours before the study and to take a light breakfast 
before 8:00 am. The study was performed between 
10:00 a.m. and 12:30 p.m. After a supine resting period of 
>30 minutes, the subjects smoked 4 cm of 1 cigarette 
containing 1.0 mg of nicotine during 2 minutes in the 
supine position, inhaling the cigarette smoke deeply. 
The autonomic function was tested before and 3, 10, 17 
and 24 minutes after the start of smoking. 

Study Il: Eighty-one healthy male volunteers, aged 
19 to 52 years, were enrolled, using the same selection 


criteria as in study I. According to the smoking status, 
they were divided into 3 groups: 25 nonsmokers, 31 
moderate smokers (1 to 24 cigarettes/day) and 25 
heavy smokers (>25 cigarettes/day). Mean habit dura- 
tions in the moderate and heavy smokers were 11.6 and 
12.4 years, respectively. They were instructed as in 
study I, and the autonomic function was tested between 
10:00 a.M. and 12:30 P.M. after a supine resting period of 
>30 minutes without smoking. 

Autonomic function test: Electrocardiogram (CMs 
lead) and respiratory waveforms (nose-tip thermistor) 
were continuously stored on a frequency modulated 
tape recorder (TEAC MR-30). Data were collected for 
5 minutes in the supine position. Also, 5-minute data 
while standing were collected in study II. During the 
test the subjects breathed quietly to the metronome sig- 
nal at 15 beats/min (0.25 Hz), to obtain a stationary 
respiratory sinus arrhythmia without frequency change 
or phase drift.!5-!7 Blood pressure was measured at the 
end of the autonomic function tests in each position. 

Data analysis: The electrocardiogram was digitized 
at 1,000 samples/s/channel with a Canopus Electronics 
A/D converter (ADX-98E), and all RR intervals were 
measured with a fast peak detection algorithm at an 
accuracy of 1 ms on an NEC microcomputer (PC- 
9801VX). Only the time series comprising 250 to 300 
normal sinus RR intervals during which the subjects 
faithfully matched all breaths to the metronome were 
included in the final analysis. 

We calculated the power spectral density of RR in- 
terval variability by an autoregressive algorithm that 
computed the autoregressive coefficients by the Marple 
method.!® The model order was chosen as the one that 
minimized Akaike’s final prediction error figure of mer- 
it.!? The program computed individual power and cen- 
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ter frequency of each spectral component (Figure 1).”° 
We defined the components at 0.04 to 0.15 Hz as the 
Mayer wave?! component and those at the respiration 
frequency (0.25 Hz) as the respiratory component. In 
considering the RR interval variation attributable to 
each single component, we represented the magnitudes 
of individual components by the parameter we termed 
the coefficient of component variance, which is calculat- 
ed as 100 - (power of a component)!/2/(mean RR inter- 
val) (%).!>16 

Statistical analysis: We used 2-way (time after 
smoking and subject) analysis of variance followed by 
the Bonferroni test to compare data after smoking with 
the control value in study I. We compared the spectral 
variables among the 3 groups in study II after adjusting 
for the effect of age using analysis of covariance for 
general linear models (least square means method) by 
means of the Statistical Analysis System. We used Stu- 
dent ¢ tests for paired samples to evaluate the effects of 
posture. A p value <0.05 was considered significant. 


RESULTS 

Study I: The mean RR interval decreased after 
smoking 1 cigarette (p <0.0001) (Figure 2). Systolic 
and diastolic blood pressures increased after smoking, 
but the changes were not significant. The magnitude of 
the Mayer wave component began to increase 10 min- 
utes after the start of smoking, remained at a high level 
after 17 minutes and returned to the control level by 24 
minutes (p = 0.0124). The magnitude of the respiratory 
component decreased after 3 minutes, and returned to 
the control level by 10 minutes (p = 0.0061). 

Study Il: The magnitudes of heart rate spectral com- 
ponents have been known to decline with age.'*-'’ In an 
earlier study!” and in our previous study!® the rate of 
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TABLE I Basic Hemodynamic Parameters After 
Abstinence from Smoking 


<30 years (n) 
Age (yrs) 


Supine 
RR interval (ms) 
Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 
Standing 
RR interval (ms) 
Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 
>30 years (n) 
Age (yrs) 
Supine 
RR interval (ms) 
Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 
Standing 
RR interval (ms) 
Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 


Nonsmokers 


15 


2443 


1,015 + 154 


11449 
68+ 8 


777 + 86* 
111410 
83 + 8* 


10 


39+6 


878+ 118 
11645 
73+8 


756 + 94* 
1166 
84+ 7* 


Moderate 
Smokers 


(1-24 /day) 


937 + 132 
11848 
67+/7 


756 + 68* 


918+ 109 
a ep A | 
76+9 


770+97* 
113410 
84 + 8* 


Heavy 
Smokers 
(>25 /day) 


1] 
26.43 


885 + 139 
118+8 
PAE A 


747 + 96* 


875 + 150 
115410 
70+9 


740 + 130* 
11249 
79+ 9* 


* p <0.01 vs supine position. Values are mean + standard deviation. 
BP = blood pressure. 


the decline has been shown to be greatly reduced after 
30 years. Thus, the subjects in study II were divided 
into 2 groups by age: <30 years and >30 years (Table 
I). 

Although the magnitude of the Mayer wave compo- 
nent was unaffected by the smoking status in either age 
group, it increased with standing only in the young 
(<30 years old) nonsmokers (p <0.05), but not in the 
moderate or heavy smokers (Figure 3). On the other 
hand, the magnitude of the respiratory component in 
the young subjects was significantly lower in the heavy 
smokers than in the nonsmokers and moderate smokers 
(p = 0.0078), but no difference was found in the older 
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subjects (>30 years old). In both age groups, the mag- 
nitude of the respiratory component decreased with 
standing in the nonsmokers and moderate smokers (p 
<0.01 for all comparisons), but not in the heavy smok- 
ers. 


DISCUSSION 

We found that cigarette smoking causes acute and 
transient changes in the heart rate spectral components, 
and that even after an overnight abstinence the supine 
respiratory component in the subjects <30 years of age 
is decreased in the heavy smokers. Also, the postural 
responses of the components were blunted over the long 
term in the heavy smokers. These results suggest that 
smoking causes not only short- but also long-term alter- 
ations in autonomic cardiac control. 

Spectral components of heart rate variability: The 
magnitude of the respiratory component has been ac- 
cepted as an index of vagal cardiac control.!3:!7 Intrave- 
nous atropine abolishes this component, but propranolol 
has no effect on it.!>13 Moreover, a recent study”? on 
the transfer function of autonomic regulation showed 
that the heart rate fluctuation at the usual respiration 
frequency (0.15—-0.5 Hz) is only vagally but not sympa- 
thetically mediated. Also, we have previously reported 
that the coefficient of component variance for the respi- 
ratory component correlates linearly with the vagal 
cardiac control defined as (HRp+4 — HR p)/HRp:a, 
where HRp is the heart rate after propranolol (0.2 mg/ 
kg) and HRp+4 is that after additional atropine (0.04 
mg/kg).!° 

Although the respiratory component shows a de- 
crease while standing, the Mayer wave component 
shows a §-adrenergically mediated increase.!3-!’? The 
Mayer wave component is thought to be derived from 
the fluctuation in the vasomotor activity at about 0.1 
Hz through the baroreflex mechanism,!? in which the 
cardiac efferent is both vagally and sympathetically me- 
diated. 


p=0.0061 
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FIGURE 2. The short-term effects of cigarette smoking on RR interval (A), blood pressures (B), CCVmwsa (C) and CCVprsa (D). 
Error bars denote standard error of the mean. Abbreviations as in Figure 1. 
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Short-term effects of smoking: Most of the acute 
effects of smoking on neurocardiovascular regulation 
can be explained as the effects of nicotine.» The mecha- 
nisms of the effects of nicotine include both stimulation 
and blocking of the autonomic ganglia, direct liberation 
of catecholamine stores in the heart, liberation of adren- 
omedullary epinephrine, stimulation of carotid body 
chemoreceptors and aortic baroreceptors and direct ac- 
tion in the central nervous system.?423-25 

Our observation of the transient decrease in the res- 
piratory component after 3 minutes of smoking suggests 
that smoking acutely suppresses vagal cardiac control. 
Nadeau and James?* have shown that, although the di- 
rect perfusion of nicotine (10 ug) to the sinoatrial node 
in the dog causes a cholinergically mediated brief slow- 
ing of the heart within the initial 10 seconds, it also 
causes a nonreaction of the heart to electrical stimula- 
tions of the cervical vagus for >5 minutes. The latter 
corresponds to the ganglionic blocking effect of nicotine, 
and our observation may indicate that this effect of 
nicotine is manifested even by cigarette smoking in 
- humans. 

The short-term increase in the Mayer wave compo- 
nent with smoking may be the result of either or both 
liberation of catecholamines or stimulation of barore- 
ceptors. It is well established that plasma catecholamine 
levels increase within 1 minute after smoking or an infu- 
sion of nicotine.!? Although absence of the increase in 
the Mayer wave component after 3 minutes of smoking 
appears inconsistent with the reported changes in plas- 
ma catecholamine levels, this may be attributable to the 
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concomitant decrease in vagal cardiac control at this 
time. The increase in this component after 17 minutes, 
on the other hand, can be explained as the result of the 
stimulation of baroreceptors rather than the liberation 
of catecholamines, because the RR interval and blood 
pressures at this time had already returned to the con- 
trol levels (Figure 2). 

Long-term effects of smoking: Our observation of 
long-term reduction in the supine respiratory compo- 
nent in the young heavy smokers suggests that heavy 
smoking causes long-term reduction in vagal cardiac 
control in young people. This finding is consistent with 
the epidemiologic findings that smokers, between ciga- 
rettes, show a higher heart rate than nonsmokers.°’ 

The absence of postural changes in the heart rate 
spectral components in heavy smokers suggests that 
heavy smoking causes blunted postural responses in 
autonomic cardiac regulation. Despite the fact that 
smoking acutely increases blood pressure,’ the blood 
pressure in long-term smokers, between cigarettes, is 
less than the average blood pressure in nonsmokers.®’ 
In most epidemiologic studies blood pressure is mea- 
sured in the sitting position,’ such that the blunted pos- 
tural responses may contribute to a decrease in blood 
pressure in this position. 

We cannot explain the mechanism for the long-term 
alterations in autonomic function in heavy smokers. 
Smoking possibly has an effect on various parts in the 
neurocardiovascular regulation system, which includes 
the heart, lung, blood vessels, the afferent and efferent 
division of the autonomic nervous system and the cen- 


STANDING POSITION 


Age <30 yr Age >30 yr 


[ | Nonsmokers A Moderate Smokers (1-24/Day) Fee] Heavy Smokers(over 25/Day) 


di FIGURE 3. The effects of smoking status on the supine and standing CCV values after an overnight abstinence from smoking. 
Data are least square means adjusted for the effect of age, and error bars denote standard errors of the least square mean. *p 
<0.05, **p <0.01; values significantly differ from those in the supine position. Abbreviations as in Figure 1. 
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tral nervous system.*?3 Also, the differences in other 
factors, such as exercise level, between smokers and 
nonsmokers may be related to our results. Further stud- 
ies (including animal investigations) are required to es- 
tablish the pathogenesis of our findings. 

Clinical implications: Population studies?°-2° have 
shown an increased rate of cardiac death in cigarette 
smokers, and several mechanisms have been known to 
contribute to the association between smoking and car- 
diac death.?4 Our findings of short- and long-term re- 
duction in vagal cardiac control may add 1 more mech- 
anism to this association, because many recent studies 
have shown that patients with decreased vagal cardiac 
control assessed by heart rate variability have increased 
susceptibility to sudden coronary death,® increased sub- 
sequent mortality after acute myocardial infarction? or 
increased late mortality after coronary angiography.!° 
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Pressor Effect of Inhaled Ergotamine 
in Orthostatic Hypotension 


Italo Biaggioni, MD, Deborah Zygmunt, MD, Virginia Haile, RN, and David Robertson, MD 


Treatment of orthostatic hypotension due to 
autonomic failure frequently necessitates use 
of pressor agents. Because venous pooling contrib- 
utes significantly to this disorder, the venocon- 
strictive properties of ergotamine offer theoretical 
advantages over pure arteriolar pressor agents. 
However, the low and erratic bioavailability of oral 
preparations has hindered the use of ergotamine. 
Accordingly, the efficacy of inhaled ergotamine tar- 
trate (1 puff, 0.36 mg) was compared to placebo in 
8 patients with severe autonomic failure. Blood 
pressure was monitored in the seated position with 
an automated device. Ergotamine produced signifi- 
cant increases in systolic (29 + 5 mm Hg, p <0.01 
by analysis of variance) and diastolic (13 + 1 mm 
Hg, p <0.001) blood pressures compared to place- 
bo (—9 + 5 and —2 + 3, respectively). Upright 
blood pressure 2 hours after administration was 
significantly greater with ergotamine (119 + 8/69 
+ 6 mm Hg) vs placebo (82 + 7/59 + 5 mm Hg, p 
<0.05). Motionless standing time, a measurement 
of functional capacity, also improved with ergot- 
amine (200 + 58 vs 85 + 22 seconds). No side ef- 
fects were noted, but patients with coronary or pe- 
ripheral artery disease were excluded. Inhaled er- 
gotamine may provide an effective and practical 
therapy for disabling orthostatic hypotension due 
to autonomic failure. 

(Am J Cardiol 1990;65:89-92) 


From the Autonomic Dysfunction Clinic, Departments of Medicine and 
Pharmacology, Vanderbilt University School of Medicine, Nashville, 
Tennessee. This study was supported in part by grant RR 00095 from 
the National Institutes of Health, Bethesda, Maryland, and a grant 
from the Dysautonomia Foundation, New York, New York. Prelimi- 
nary results of this work were presented at the annual meeting of the 
American Heart Association, Washington, DC, November 14-17, 
1988. Manuscript received July 17, 1989; revised manuscript received 
and accepted August 30, 1989. 

Address for reprints: Italo Biaggioni, MD, Department of Pharma- 
cology, AA-3228 MCN, Vanderbilt University, Nashville, Tennessee 
37232-2195. 


can be severely disabling. Initial therapy for this 

disorder includes increased salt intake, fitted 
stockings and mineralocorticoids.!? However, addition 
of pressor agents is generally required in severely affect- 
ed patients to provide adequate symptomatic relief. One 
such drug is ergotamine, which has been reported to 
preferentially improve upright blood pressure in patients 
with orthostatic hypotension.? However, use of ergot- 
amine has been hampered by the low and erratic bio- 
availability of oral and sublingual preparations.*+°> Long- 
term use of parenteral preparations, although effective, 
is limited by practical considerations. An inhaled ergot- 
amine preparation has been found to be efficacious for 
the treatment of migraine. This prompted us to test the 
pressor effects of inhaled ergotamine in patients with 
severe orthostatic hypotension due to autonomic failure. 
A case report using this approach has recently been de- 
scribed.° 


(s hypotension due to autonomic failure 


METHODS 

Eight patients with moderate to severe autonomic 
failure were admitted to Vanderbilt University’s clinical 
research center. Patients abstained from methyl- 
xanthine-containing beverages and all medications and 
were placed on a diet containing 150 mEq of sodium 
and 60 mEq of potassium/day for at least 3 days before 
the study. Autonomic function was evaluated as previ- 
ously described.” Five patients were diagnosed as having 
multiple system atrophy (Shy-Drager syndrome) due to 
the presence of autonomic failure in association with 
other central neurologic abnormalities. Three patients 
had isolated autonomic failure, absence of central neu- 
rologic abnormalities and absence of secondary causes 
of autonomic failure, and were diagnosed as having pri- 
mary autonomic failure (idiopathic orthostatic hypoten- 
sion). Patients were excluded from the study if they had 
a history or clinical symptoms consistent with myocardi- 
al or peripheral artery disease. 

All studies were performed with the patients seated 
and fasting. Blood pressure and heart rate were record- 
ed automatically every 3 minutes with an oscillometric 
blood pressure monitor (Dinamap, Critikon Inc.) to 
avoid observer bias. Values were averaged to the corre- 
sponding 15-minute periods. On different days, and af- 
ter a 30-minute baseline period, patients received either 
placebo inhaler or ergotamine tartrate inhaler (Ergot- 
amine Medihaler, Riker Laboratories, 1 puff, 0.36 mg), 
in a single-blind, crossover fashion. Blood pressure and 
heart rate were measured for an additional 120 minutes. 
At the end of this period, upright blood pressure and 
“motionless standing time” (the time the patients could 
remain standing motionless before symptoms of ortho- 
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Blood Pressure 
(mm Hg) 


Supine 


124/95 
152/92 
164/92 
133/85 
141/88 
162/89 
156/88 


181/106 


152/92 


Plasma NE 


(pg/ml) 
Supine 


Maximal 
Response* 


Heart Rate 
(beats /min) 
Upright Supine 


Upright Upright 


64/50 
48 /— 
60/40 
80/55 
84/66 
121/80 
110/68 
80/51 
81/59 


+6/+2 49/45 


* Maximal increase in systolic blood pressure after inhaled ergotamine 0.36 mg. 


NE = norepinephrine; PAF = primary autonomic failure; MSA = multiple system atrophy; — = undetectable. 


static hypotension developed) were measured in 7 pa- 
tients. This time point was chosen because preliminary 
studies showed that the effects of ergotamine were near 
maximal at 2 hours. Blood pressure was not measured 
in the supine position because patients with severe auto- 
nomic failure commonly have baseline supine hyperten- 
sion (Table I). 
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FIGURE 1. Changes in seated (A) systolic and (B) diastolic 
blood pressure (BP) in 8 patients with severe autonomic fail- 
ure after oral administration of placebo (open circles) or 
ergotamine, 0.36 mg, (filled-in circles) given by inhalation. 
Changes were significant for systolic (p <0.01) and diastolic 
blood pressure (p <0.001) by analysis of variance. Vertical 
lines indicate mean + standard error of the mean. D = diastol- 
ic; S = systolic. 
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Results are presented as mean + standard error of 
the mean. Statistical comparisons were made by 2-fac- 
tor analysis of variance with repeated measures, us- 
ing the Number Cruncher Statistical System software 
(NCSS). Factor A was the treatment given (placebo or 
ergotamine, fixed, 2 levels), and factor B was the differ- 
ent time periods (fixed, repeated measures, 8 levels). 
Differences between groups were analyzed by 2-tailed, 
unpaired ¢ tests when appropriate. Criterion for signifi- 
cance was p <0.05. 


RESULTS 

All patients had autonomic failure characterized by 
severe orthostatic hypotension, abnormal autonomic re- 
flexes and an abnormal norepinephrine response to up- 
right posture. Systolic blood pressure decreased from 
152 + 6 to 81 + 9 mm Hg on assuming the upright 
posture (Table I). Adequate compensatory heart rate 
increase to this decrease in blood pressure was absent. 
Plasma norepinephrine was 173 + 32 pg/ml in the su- 
pine position (for this age group, normal is 378 + 5 pg/ 
ml) and 236 + 26 pg/ml in the upright position. This is 
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FIGURE 2. Upright blood pressure 2 hours after administra- 
tion of either placebo or inhaled ergotamine. There was a sig- 
nificant difference in upright systolic blood pressure between 
treatments by unpaired 2-tailed f test. 


clearly an abnormal response, especially considering the 
magnitude of orthostatic hypotension. 

Placebo had no significant effect on blood pressure 
or heart rate (Figure 1). In contrast, 0.36 mg of inhaled 
ergotamine produced significant increases in both sys- 
tolic and diastolic blood pressure (Figure 1). Two 
hours after administration, ergotamine increased systol- 
ic blood pressure by 29 + 5 mm Hg (p <0.01 by analy- 
sis of variance) and increased diastolic blood pressure 
by 13 + 1 mm Hg (p <0.001). Individual maximal re- 
sponses are shown in Table I. Mean maximal increase 
in systolic blood pressure was 30 + 4 mm Hg (range 9 
to 48). Two hours after placebo administration, blood 
pressure decreased from 128 + 6/73 + 3 in the seated 
position to 82 + 9/56 + 6 mm Hg on assuming the 
upright posture (orthostatic change —46 + 8/—18 + 6 
mm Hg, n = 7). By comparison, after ergotamine ad- 
ministration, blood pressure decreased from 141 + 10/ 
80 + 4 in the seated position to 119 + 8/69 + 5 mm 
Hg on assuming the upright posture (orthostatic change 
—22 + 9/-11 + 7 mm Hg, n = 7) (Figure 2, p <0.05 
- vs placebo for systolic blood pressure). Ergotamine also 
improved motionless standing time (200 + 58 vs 85 + 
22 seconds after placebo). No side effects were noted, 
except mild nausea 60 minutes after ergotamine admin- 
istration in patient 5. 


DISCUSSION 

Maintenance of the upright blood pressure requires 
reflex sympathetic activation to compensate for gravity- 
induced blood pooling and reduced venous return. 
When such reflex mechanisms fail, as occurs in 
autonomic failure, orthostatic hypotension develops. Al- 
though orthostatic hypotension is but one of the several 
autonomic abnormalities seen in this disorder, it is the 
most disabling. On the other hand, it is perhaps the 
symptom most amenable to treatment. Although simple 
measures such as increased sodium intake and fludro- 
cortisone remain the cornerstone of treatment, the addi- 
tion of pressor agents is usually required in most pa- 
tients with significant orthostatic hypotension. 

Previous studies have assessed the efficacy of ergot- 
amine in the treatment of orthostatic hypotension.*:*- 
11 Interest in this agent arises from its venoconstrictive 
actions.? Parenteral ergotamine preparations have been 
uniformly effective, including intramuscular, 0.5 to 1 
mg,!° or subcutaneous, 6.5 to 13 ug/kg, dihydroergota- 
mine,!! and intravenous ergotamine tartrate, 0.25 to 0.5 
mg.? Oral ergotamine tartrate, 2 to 6 mg/day, was 
found to be effective in 4 patients with orthostatic hypo- 
tension.? However, oral dihydroergotamine, 5 to 20 mg/ 
day, was ineffective in 10 patients.'!° These differences 
may be due to the low bioavailability of dihydroergota- 
mine.*° 

Our results indicate that inhaled ergotamine tartrate 
is an effective pressor agent in patients with severe or- 
thostatic hypotension due to autonomic failure. Signifi- 
cant increases in blood pressure were seen with doses 
that are 5- to 10-fold lower than those of oral ergot- 
amine tartrate, previously reported to be effective in 
similar patients. Whether this represents greater bio- 


availability of ergotamine by inhalation remains uncer- 
tain.!? Caffeine has also been used in combination with 
subcutaneous dihydroergotamine in the treatment of or- 
thostatic hypotension, to prevent the depressor effects of 
meals,!! which are prevalent in these patients.!? Caf- 
feine reportedly increases the absorption of dihydroer- 
gotamine!4 and these drugs are widely used in combina- 
tion in several migraine preparations. 

We did not determine supine blood pressures for rea- 
sons of safety. Some studies suggest that ergotamine 
does not increase supine blood pressure as much as it 
increases upright blood pressure.*? However, this is not 
a universal finding.!! Even in the absence of therapy, a 
significant proportion of patients with autonomic im- 
pairment develop supine hypertension in addition to or- 
thostatic hypotension, as did 4 patients in the present 
study. Therefore, care should be taken to avoid worsen- 
ing of supine hypertension by ergotamine. As a general 
rule, we alert our patients to avoid the supine position 
for 4 to 5 hours after taking any short-acting pressor 
agent, including inhaled ergotamine. 

Long-term treatment with oral ergotamine tartrate? 
or subcutaneous dihydroergotamine!! has been effective 
in the treatment of orthostatic hypotension due to auto- 
nomic failure. Our experience with long-term use of in- 
haled ergotamine is limited and uncontrolled. We in- 
struct our patients to use the drug before stressful activ- 
ities and usually no more than 0.36 mg (1 puff) 2 or 3 
times daily. None of the patients reported herein had 
clinical evidence of coronary or peripheral artery dis- 
ease. Patients with primary autonomic failure usually 
have normal myocardial function.!5 However, ergot- 
amine has been occasionally associated with angina pec- 
toris and sudden death in the absence of significant cor- 
onary atherosclerosis in patients with migraine.!© There 
is also a recent report of a patient who had a myocardial 
infarction while receiving treatment with inhaled ergot- 
amine for orthostatic hypotension. Although the inves- 
tigators emphasized that a causal relation in this case 
was far from clear, care should be taken to avoid the 
use of ergotamine in patients with underlying vascular 
disease and to caution patients against overzealous in- 
haler use. 
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Aerobic Exercise Reduces Levels 
of Cardiovascular and Sympathoadrenal 
Responses to Mental Stress in Subjects Without 
Prior Evidence of Myocardial Ischemia 


James A. Blumenthal, PhD, Mats Fredrikson, PhD, Cynthia M. Kuhn, PhD, Ross L. Ulmer, MA, 
Margaret Walsh-Riddle, MS, and Mark Appelbaum, PhD 


Thirty-seven healthy type A men (mean age 42 
years) were randomly assigned to either an aerobic 
exercise training group or to a strength and flexi- 
bility training group. Before exercise, subjects 
underwent comprehensive physiologic and behav- 
ioral assessments, including graded exercise tread- 
mill testing with direct measurement of oxygen 
- consumption (VO2) and measurement of cardiovas- 
cular (heart rate, systolic and diastolic blood pres- 
sure and rate pressure product) and neuroendo- 
crine (epinephrine and norepinephrine) responses 
to mental arithmetic. The aerobic exercise consist- 
ed of walking and jogging at an intensity of >70% 
maximal heart rate reserve for 1 hour 3 times/ 
week for 12 consecutive weeks. The strength train- 
ing consisted of 1 hour of circuit Nautilus training 2 
times/week for 12 weeks. At the completion of the 
exercise program, all subjects underwent repeat 
testing. For the aerobic group, peak VOz2 increased 
significantly from 33.6 to 38.4 ml/kg/min (p 
<0.001), whereas the strength group only achieved 
a slight increase from 34.5 to 35.6 ml/kg/min (dif- 
ference not significant). During the mental arith- 
metic, the aerobic group experienced a greater re- 
duction in levels of heart rate, diastolic blood pres- 
sure and rate pressure product than the strength 
group (after completing the exercise training pro- 
grams). The aerobic group also tended to secrete 
less epinephrine and to show a faster recovery than 
the strength group after the exercise program. In 
addition, the aerobic group tended to exhibit 
less cardiovascular reactivity to mental stress 
after exercise training. These data suggest that 
aerobic exercise reduces levels of cardiovascular 
and sympathoadrenal responses during and after 
mental stress. 

(Am J Cardiol 1990;65:93-98) 


of habitual physical activity are associated with 

owered risk of coronary artery disease.!-? Labo- 
ratory studies also have shown that aerobic exercise 
training is associated with a reduction in standard risk 
factors, such as lower blood pressure and a more favor- 
able lipid profile.+© Excessive activation of the sympa- 
thetic nervous system also has been implicated as a po- 
tential risk factor that may be modified with exercise. 
For example, studies have shown that greater cardiovas- 
cular responses to behavioral stressors are associated 
prospectively with increased risk for coronary artery dis- 
ease and hypertension.’~? 

Although numerous studies have shown that physi- 
cally fit individuals exhibit attenuated cardiovascular 
responses to stress,!° the methodologic limitations of 
cross-sectional studies preclude any definitive conclu- 
sion about the role of exercise training in reducing stress 
responses.!! The few longitudinal studies conducted to 
date have reported either minimal!2:!3 or no changes.!4 
One exception was a study from our laboratory that re- 
ported a reduction in heart rate and blood pressure re- 
sponses to a standard behavioral challenge.!5 For the 
present study, we attempted to replicate and extend pre- 
vious findings by including measures of sympatho- 
adrenal and cardiovascular responses to a mental stress- 
or. Because individuals who display the type A behavior 
pattern have been shown to be more likely to display 
enhanced sympathetic responsivity,’ only healthy type 
A individuals were selected to participate in this ran- 
domized clinical study. 


Berita studies have shown that high levels 


METHODS 
Subjects: Thirty-seven men who were initially rated 
as type A by the type A structured interview served as 
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TABLE I Changes in Cardiorespiratory Performance 


Aerobic Exercise 


Strength Training 


Time 1 Time 2 Time 2 


HR at rest 
(beats /min) 
HR at 5 METs 
(beats /min) 
Total treadmill time 
(minutes) 
Peak VO> 
(ml/kg/min) 
Mean + standard deviation cardiorespiratory measures at time 1 and time 2 for 
aerobic exercise and strength training groups. 
* p <0.0001; tî p <0.001; all comparisons are between time 1 and time 2 within 


each group. 
HR = heart rate; VO2 = oxygen consumption. 


subjects for this study. All subjects were judged to be 
free of hypertension and clinically manifest coronary 
disease by medical history, physical examination and 
graded exercise treadmill testing. All subjects were em- 
ployed full time and had at least a high school educa- 
tion. Ages ranged from 30 to 52 years (mean 42.3). 

Exercise training: Subjects were randomly assigned 
to 1 of 2 exercise programs. One group (20) participat- 
ed in aerobic exercise 3 times/week for 12 consecutive 
weeks. These sessions consisted of 15 minutes of warm- 
up exercises, including stretching and light biking on a 
stationary bicycle (<1 kp/min), followed by 35 minutes 
of continuous walking and jogging on a 400-meter out- 
door track at an intensity of 270% of subjects’ initial 
peak oxygen consumption (VO) determined by an ini- 
tial treadmill test. The other group (17) participated in 
strength training twice a week. Strength and flexibility 
training exercises consisted of 20 minutes of flexibility 
exercises followed by 30 minutes of circuit Nautilus 
training. Subjects in the strength group were encour- 
aged not to engage in any aerobic exercise throughout 
the duration of the study. 

All subjects underwent comprehensive physiologic 
and behavioral assessments before beginning the exer- 
cise program and again after the completion of the 12- 
week exercise program. Our focus is on the cardiovascu- 
lar and neurohumoral adjustments to the mental stress 
testing in which subjects participated in a challenging 
mental arithmetic protocol. 

Mental arithmetic testing: All subjects were tested 
individually in a sound-attenuated, temperature con- 
trolled (80°F) chamber. An indwelling venous needle 
was inserted 45 minutes before the initial baseline peri- 
od and the subject was asked to sit quietly to permit 
hormonal responses to the stress of venipuncture to sub- 
side. After a 45-minute calibration period, a 15-minute 
baseline period was used for collection of baseline car- 
diovascular and catecholamine data. Heart rate and 
blood pressure were monitored at 1-minute intervals us- 
ing a Dinamap monitor 845 (Critikon). Continuous ve- 
nous blood samples were obtained using a Cormed 
blood withdrawal system at a rate of 0.7 cc/min. After 
the baseline period, subjects completed a series of serial 
additions for 15 minutes. Subjects first added the digits 
of a 3-digit number (e.g., 111 = 1 + 1 + 1 = 3), to the 
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original number (e.g., 111 + 3 = 114) to form a new 3- 
digit number. This procedure was repeated for 15 min- 
utes. At 2.5-minute intervals subjects were encouraged 
to “go a little faster,” and were given 1-minute rest peri- 
ods at 5 minutes and 10 minutes into the task. A 15- 
minute recovery period concluded each testing session. 
Blood samples were spun down and plasma frozen at 
—40°C until subsequent assay. Catecholamines 
were assayed by high performance liquid chromatogra- 
phy.!617 Subjects were tested at the same time each 
afternoon and were asked to refrain from coffee, tea, 
cola, exercise and cigarettes during the 24 hours before 
the procedure. 

Exercise treadmill testing: On a separate day, all 
subjects underwent treadmill exercise testing using a 
protocol developed previously in our laboratory.!® In 
brief, graded exercise treadmill testing began at 2.0 
miles/hour and 0% grade; speed and grade were sys- 
tematically increased at 1 MET/min. Subjects exer- 
cised until exhaustion during continuous electrocardio- 
graphic monitoring. Heart rate was obtained using a 
Hewlett Packard 4685-A digital cardiotachometer. Ex- 
pired air was collected by a facemask for quantification 
of oxygen consumption, expired ventilation and respira- 
tory exchange ratio at 15-second intervals with the use 
of an MMC Horizon System 2 Beckman metabolic 
measurement cart. The identical protocol was used for 
retesting subjects after 12 weeks of exercise participa- 
tion. 

Data analysis: Physiologic data were analyzed by a 
2 (group) X 2 (time) repeated measures multivariate 
analysis of variance. Group (aerobic exercise or strength 
training) served as a between-subjects variable and time 
(before and after 12 weeks of exercise training) served 
as a within-subjects variable. To assess psychophysio- 
logic stress responses, a 2 (group) X 2 (time) X 3 (base- 
line, task and recovery phases of the mental arithmetic 
test) repeated measures multivariate analysis of vari- 
ance was performed for the cardiovascular (heart rate, 
blood pressure and rate-pressure product) measures, fol- 
lowed by an analysis of covariance, with resting values 
for each testing session serving as covariates. The cate- 
cholamine data (epinephrine and norepinephrine) were 
analyzed by analysis of covariance. Mean values for 
each phase served as the dependent variables. To assess 
reactivity, change scores were calculated based on the 
difference between mean values at baseline and during 
the mental arithmetic test. These data were then ana- 
lyzed by analysis of covariance, with initial baseline lev- 
els serving as the covariate. 


RESULTS 

Thirty-five of the initial cohort of 37 subjects (95%) 
completed the 12-week exercise program. Two subjects 
dropped out of the strength group whereas no subjects 
dropped out of the aerobic group. (One aerobic subject 
experienced atrial fibrillation during his time 2 tread- 
mill; his data were incomplete.) Compliance was excel- 
lent. Aerobic subjects attended an average of 34.9 ses- 
sions (range 28 to 39) and were at or above their train- 
ing range 89% of the time. One half of the subjects 


mn 


TABLE Il Reactivity to Mental Arithmetic 


Aerobic Exercise Strength Training 


Time 1 Time 1 


20+ 15 IS213 
12+8 8+6! 
14+ 16 12+14 


SBP (mm Hg) 15+7 1146? 
DBP (mm Hg) 10+5 7+5t 
HR (beats /min) 11+7 9+ 6} 


— 


RPP (SBP X HR x 107?) 2,625 + 1,420 
Epinephrine (pg/ml) 36.9 + 30.8 
Norepinephrine (pg/ml) 42.4 +81.7 


Mean + standard deviation change scores (task-rest) to the mental arithmetic. 


1,921 + 1,178* 
25.1 + 17.68 
37.3 + 106.2 


3,508 + 3,770 2,966 + 3,220 
53.9 + 58.2 41.9 + 29.8 
90.4 + 143.8 75.5 + 106.8 


DBP = diastolic blood pressure; HR = heart rate; RPP = double product; SBP = systolic blood pressure. * p <0.001; * p <0.01; * p <0.05; $ p <0.10; all comparisons are between 


| time 1 and time 2 within each group. 


attended all scheduled sessions. Strength subjects at- 
tended an average of 27.2 sessions (range 15 to 35). 
Ninety-four percent of the subjects attended all sched- 
uled classes. Participants in the strength group almost 
tripled their leg strength (18.5 to 50.9 kg, p <0.001) 
and doubled their arm strength (29.3 to 57.6 kg, p 
<0.001). 

Aerobic fitness: To document changes in cardio- 
respiratory fitness, 4 variables were selected from the 
measurements obtained during exercise treadmill test- 
ing. These variables included heart rate at rest and at 5 
METs, total treadmill time and peak VO. Results of 
the multivariate analysis of variance yielded a signifi- 
cant time main effect, multivariate F (4,28) = 25.82, p 
<0.0001, and a significant time X group interaction, 
multivariate F (4,28) = 11.37, p = 0.0001. Examina- 
tion of the univariate time X group interactions revealed 
significant effects for heart rate at rest, F (1,31) = 
18.66, p <0.0001; total treadmill time, F (1,31) = 
32.95, p <0.0001; and peak VO) F (1,31) = 15.61, p 
<0.0004. 

There were no differences between the aerobic and 
strength groups at time 1. Table I lists the pattern of 
change in cardiovascular function. Subjects in the aero- 
bic group experienced significant reductions in heart 
rate at rest and at 5 METs, and increased their tread- 
mill time by almost 2 minutes. Subjects in the aerobic 
group increased their peak VO, by 14% (p <0.001), 
whereas subjects in the strength training group in- 
creased their peak by only 3% (difference not signifi- 
cant). Therefore, the exercise interventions were suc- 
cessful in inducing differential improvements in aerobic 
fitness. 

Psychophysiologic responses: A 2 (group) X 3 
(phase) analysis of variance at time 1 did not reveal any 
group main effects or phase X group interactions. Thus, 
the 2 groups were not different before beginning the 
respective exercise programs. To assess changes in psy- 
chophysiologic responses to the mental arithmetic test, 
cardiovascular data were first analyzed by a 2 (group) 
X 2 (time) X 3 (phase) multivariate analysis of vari- 
ance. This procedure resulted in significant multivariate 
main effects for phase, F (6,28) = 22.20, p <0.0001 
and time, F (3,31) = 12.62, p <0.0001, and a signifi- 
cant group X time interaction, F (3,30) = 4.29, p 
<0.02, as well as a significant phase X time interaction, 
F (6,28) = 3.86, p <0.01. The time main effect and the 





phase X time interaction most likely reflected habitu- 
ation, with lower cardiovascular levels, during the men- 
tal arithmetic task at time 2 relative to time 1 for both 
the aerobic and strength groups. The phase main effect 
reflected the effectiveness of the task in eliciting robust 
cardiovascular responses. Significant univariate time X 
group interactions were found for heart rate, F (1,32) = 
9.88, p <0.01; double product, F (1,32) = 10.44, p 
<0.01; and diastolic blood pressure, F (1,32) = 3.99, p 
<0.054. Figure 1 shows that heart rate was significantly 
lower for the aerobic group compared to the strength 
group at time 2. The aerobic group experienced a 15% 
reduction in heart rate, F (1,18) = 47.20, p <0.001, 
whereas the strength group experienced a 5% reduction 
(difference not significant). Similarly, Figure 2 shows 
that the double product was lower for the aerobic group 
compared to the strength group. The aerobic group ex- 
perienced an overall 16% reduction in the double prod- 
uct, F (1,18) = 44.30, p <0.001, whereas the strength 
group experienced a 5% reduction, F (1,14) = 4.60, p 
<0.05. Figure 3 shows that there was also a tendency 
for diastolic blood pressure to be lower for the aerobic 
group at time 2, but not for the strength group. The 
aerobic group experienced a significant 5% reduction in 
diastolic blood pressure, F (1,18) = 29.59, p <0.001, 
whereas the strength group only experienced a 1% re- 
duction (difference not significant). The pattern of re- 
sults of the cardiovascular data was unchanged when 
baseline values for each session were used as covariates 
in the analyses of variance. 

Analysis of the neuroendocrine data revealed a sig- 
nificant main effect for phase, F (2,24) = 19.08, p 
<0.0001, and a marginally significant group X time X 
phase interaction for epinephrine, F (2,24) = 2.71, p = 
0.086. The phase X time interaction for the strength 
group was not significant. However, the phase X time 
interaction was marginally significant for the aerobic 
group, F (1,13) = 2.99, p <0.09. Post-hoc tests of sim- 
ple effects revealed that epinephrine values tended to be 
lower at time 2 during the recovery phase, F (1,14) = 
4.04, p <0.07. Although results did not reach statistical 
significance, levels during the task phase also tended to 
be lower (Figure 4). Results were identical when base- 
line epinephrine values were used as covariates in the 
analysis of variance. 

Analysis of the norepinephrine data revealed a phase 
main effect, F (2,24) = 9.49, p <0.001, with norepi- 


THE AMERICAN JOURNAL OF CARDIOLOGY JANUARY 1, 1990 95 


nephrine levels greater during the task phase than dur- 
ing baseline or at recovery. Neither the time main effect 
nor the time X group interaction reached statistical sig- 
nificance, however. 

Analysis of change scores: In addition to the analy- 
ses described above, a series of analyses of covariance 
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were performed on the change scores (i.e., task — rest) 
to assess reactivity to the mental arithmetic task. For 
each of the dependent variables, the preceding baseline 
served as a covariate in the analysis to adjust for shifts 
in baseline values. This is a conservative procedure, be- 
cause the intervention was designed to affect baseline 


Aerobic Strength 
o O 
a g 


FIGURE 1. Mean heart rate (+ standard 
error) at baseline, task and recovery for 
the aerobic exercise group and the 
strength training group at time 1 and time 
2. 
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FIGURE 2. Mean rate pressure product (+ 
standard error) at baseline, task and re- 
covery for the aerobic exercise group and 
the strength training group at time 1 and 
time 2. 
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FIGURE 3. Mean systolic blood pressure 
and diastolic blood pressure (+ standard 
error) at baseline, task and recovery for 
the aerobic exercise group and the 
strength training group at time 1 and time 
2. 
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values, as well as levels during the mental stress. A 2 
(group) X 2 (time) analysis of covariance of the change 
scores revealed a significant time main effect for dia- 
stolic blood pressure, F (1,31) = 10.85, p <0.01, and 
epinephrine, F (1,26) = 4.34, p <0.05, and a marginally 
significant time main effect for heart rate, F (1,31) = 
3.66, p <0.07, suggesting that both groups experienced 
reductions in diastolic blood pressure reactivity, epi- 
nephrine reactivity and heart rate reactivity. Although 
there were no significant group main effects, and the 
group X time interaction was not significant, within- 
group comparisons revealed that only the aerobic group 
experienced a statistically significant attenuation of 
blood pressure, heart rate and double product, and a 
marginally significant reduction of epinephrine reactiv- 
ity to the mental stress (Table II). Although the re- 
sponses of the strength group were in the same direc- 
tion, only a reduction in diastolic blood pressure 
achieved statistical significance. These analyses suggest 
that aerobic exercise training tended to be associated 
with greater attenuation of cardiovascular reactivity 


= than strength training. 


DISCUSSION 

Although numerous cross-sectional studies have as- 
sociated increased levels of physical fitness with lower 
levels of autonomic responses to mental stressors,!° to 
our knowledge there have been only 4 published longitu- 
dinal studies, and they have yielded conflicting results. 
In a randomized controlled study comparing aerobic ex- 
ercise, weight training and stress management, Roskies 
et al!* reported that no intervention reduced cardiovas- 
cular stress responses. Two other studies found that an 
aerobic exercise group had lower heart rates during a 
mental arithmetic memory task!? or after a series of 
mental stressors,!? but these findings only characterized 
a subgroup of subjects who were relatively unfit initial- 
ly. Moreover, Holmes and McGilley!? did not randomly 


assign subjects to exercise conditions and Sinyor et al!? 
failed to find significant changes in cardiovascular re- 
sponses in their primary analyses. In contrast, we re- 
ported that aerobic exercise attenuated cardiovascular 
responses to mental arithmetic.!° The results of the 
present investigation provide support for our previous 
findings. The significant group X time interaction indi- 
cates that the exercise programs produced a differential 
effect on the cardiovascular responses to mental arith- 
metic. Levels of heart rate, double product (an indirect 
measure of myocardial VO) and diastolic blood pres- 
sure were significantly lower during mental arithmetic 
for the aerobic group than for the strength group after 
the 3-month exercise training programs. The reductions 
observed during and after the mental stress for the aero- 
bic group were significant over and above the reductions 
in resting baseline levels after aerobic training. 
Previous studies have failed to find reductions in 
stress reactivity.'2-'4 Our data provide modest support 
for reduction of stress reactivity insofar as the group X 
time interaction was not statistically significant. Al- 
though within-group comparisons revealed reduced re- 
activity for the aerobic group and not for the strength 
group, the greater variability (larger standard devi- 
ations) of responses in the strength group made it diffi- 
cult to achieve statistical significance. Correlations of 
change in peak VO, (from time 1 to time 2) with 
change in reactivity ranged from 0.03 (systolic blood 
pressure) to 0.36 (epinephrine); no correlation reached 
statistical significance. Thus, there was only a tendency 
for greater reactivity reduction in the aerobic group, 
and increased aerobic fitness was not associated with 
reduced stress reactivity. We conclude that aerobic ex- 
ercise is more likely to reduce overall levels of cardio- 
vascular response, rather than reduce the magnitude of 
absolute change of responses from rest to mental stress. 
To our knowledge our study is also the first random- 
ized, longitudinal study to document changes in both 
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FIGURE 4. Mean epinephrine (Jeff) and norepinephrine (right) responses (+ standard error) at baseline, task and recovery for 


the aerobic exercise group and the strength training group at time 1 and time 2. Blood samples could not be obtained for 10 
subjects either at time 1 or time 2. Therefore, the number of subjects for whom catecholamine data were available was 27. 
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cardiovascular and catecholamine responses to mental 
stress. In a cross-sectional study, Sinyor et al!? reported 
that epinephrine and norepinephrine levels were higher 
in fit subjects, and showed a faster recovery compared 
to unfit subjects. However, Dorheim et al% failed to ob- 
serve differences in neuroendocrine responses to a series 
of behavioral stressors among a group of marathon run- 
ners and an age-matched group of untrained individ- 
uals. Similarly, Hull et al?! failed to find differences in 
catecholamine responses to a series of stressors in fit 
and unfit subjects. In a recent study, Sinyor et al?? 
failed to show a reduction in epinephrine levels after 10 
weeks of aerobic exercise. Although their data appear to 
have resembled ours, the observed reductions did not 
reach statistical significance. Because they only studied 
6 subjects, however, it is unlikely that they had enough 
statistical power to detect any changes. Our present 
data indicate that epinephrine but not norepinephrine 
levels tended to be reduced after a program of aerobic 
exercise training. One reason for the failure to find a 
reduction in norepinephrine levels is that the norepi- 
nephrine response to mental arithmetic was compara- 
tively small relative to the epinephrine response. Selec- 
tion of a stressor that would elicit a more significant 
norepinephrine response may be necessary to demon- 
strate the effects of exercise training on norepinephrine 
responsiveness. 

Taken together, these findings provide evidence for 
the efficacy of aerobic exercise in reducing levels of car- 
diovascular and sympathoadrenal responses to mental 
stress. However, it is not clear why we have been able to 
demonstrate the effectiveness of the aerobic exercise in- 
tervention while others have not. We suspect that differ- 
ences in subject characteristics, experimental design, se- 
lection of mental stressors and procedures for exercise 
training and testing may be important. Future research 
should be directed at identifying those aspects that may 
be critical for understanding the differences among 
studies. | 

Although our data suggest that significant improve- 
ments in cardiorespiratory fitness may serve to reduce 
sympathetically mediated responses to moderate mental 
stress, the clinical significance of these findings should 
be more carefully evaluated. Because it has been sug- 
gested that the relation between behavioral factors and 
coronary artery disease may be mediated by the 
frequent and sustained activation of the sympathetic- 
adrenomedullary and pituitary-adrenocortical systems,’ 
attenuation of these responses may be beneficial. In- 
deed, animal studies have noted that surgically lowering 
heart rate is associated with slower progression of 
coronary disease,” and administration of 6-adrenergic 
blockade also slows disease progression, potentially by 
attenuating cardiovascular activation.24 Further studies 
are needed to document the clinical benefits of regular 
aerobic training in humans, and to elucidate the mecha- 
nisms by which exercise alters psychophysiologic stress 
responses. 
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Norpace’ GR (disopyramide phosphate extended-release) - 
Predictability, short-term 


Clinical studies have found Norpace* (disopyramide phosphate) to have a 


low incidence of proarrhythmia.'2 





Frequency of aggravation of arrhythmia among selected agents tested"? 
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(20/130) 
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Adapted from Velebit et al. 1 
Results based on noninvasive testing. 
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Adapted from Poser et al.? 
Results based on invasive testing. 





Predictable side effects 


Norpace CR is generally well tolerated. The side effects are usually 
dose-related and generally not a cause for drug withdrawal in 


well-chosen patients.’ 


The most commonly seen side effects of disopyramide 
phosphate are anticholinergic, and the most severe 
are due to its negative inotropic properties. 
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Disopyramide is contraindicated in patients with a 
history of cardiogenic shock, preexisting second- 

or third-degree AV block (if no pacemaker is present), 
congenital Q-T prolongation, or known hypersensitivity 
to the drug. 





Predictability, long-term 


Norpace (disopyramide phosphate) is rarely associated with late-appearing 
toxicities such as lupus and agranulocytosis.‘ 





Incidence of lupus (SLE*) with procainamide ° 








SLE 


Adapted from Henningsen et al.5 





During a five-year follow-up study, 29% (12/42) of patients developed a classic drug-induced SLE syndrome.’ Additional studies 
confirm this frequent adverse reaction.*® 


*Systemic lupus erythematosus. 


Results of a long-term follow-up (up to 64 months) 
of patients on Norpace (disopyramide phosphate): 


e In 60% (24/40) of patients, Norpace provided effective and tolerated 
monotherapy for up to 64 months.’ 


e Anticholinergic side effects, although common, were usually tolerated.’ 





~ Please see last page of this advertisement for a brief summary of prescribing information. 


Predictable therapy 


100-mg and 150-mg CAPSULES 


(disopyramide phosphate 
extended-release) 


Predictable monotherapy 


e Effective first-line antiarrhythmic control 
comparable to that of quinidine.’ 


Predictability, short-term 


e Side effects are usually manageable. 

e Not generally associated with hyper- 
sensitivity reactions. 

e Low incidence of proarrhythmia.”* 


Predictability, long-term 


e Few late-appearing adverse reactions 
such as lupus or agranulocytosis. 

e Low drop-out rate as compared with 
quinidine.’ 

e Established safety profile through 12 years 
of use. 
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Norpace® Capsules 
(disopyramide phosphate) 


Norpace® CR Capsules 
(disopyramide phosphate extended-release) 


Brief Summary 


Before prescribing, please consult current complete prescribing information, a summary of 
which follows: Indications: For suppression and prevention of recurrence of the following 
cardiac arrhythmias: unifocal premature (ectopic) ventricular contractions; premature 
(ectopic) ventricular contractions of multifocal origin; paired premature ventricular contrac- 
tions (couplets); and episodes of ventricular tachycardia (persistent ventricular tachycardia is 
ordinarily treated with DC-cardioversion). Norpace is equally effective in both digitalized and 
nondigitalized patients. It is also equally effective in treating primary cardiac arrhythmias and 
those which occur in association with organic heart disease including coronary artery 
disease. Norpace CR should not be used initially if rapid establishment of disopyramide 
plasma levels is desired. Oral disopyramide phosphate has not been adequately studied in 
patients with acute myocardial infarction or with persistent ventricular tachycardia or atrial 
arrhythmias and is not indicated for arrhythmias due to digitalis intoxication. The value of 
antiarrhythmic drugs in preventing sudden death in patients with serious ventricular ectopic 
activity has not been established. Contraindications: Cardiogenic shock, preexisting 
second- or third-degree AV block (if no pacemaker is present), congenital Q-T prolongation, 
or known hypersensitivity to the drug. Warnings: Norpace or Norpace CR may cause or 
worsen congestive heart failure (CHF) or produce severe hypotension as a conse- 
quence of its negative inotropic properties. Hypotension has been observed primar- 
ily with primary cardiomyopathy or inadequately compensated CHF. Norpace or 
Norpace CR should not be used in patients with uncompensated or marginally 
compensated CHF or hypotension unless the condition is secondary to cardiac 
arrhythmia. Patients with a history of heart failure may be treated with Norpace or 
Norpace CR, but careful attention must be given to maintaining cardiac function, 
including optimal digitalization. If hypotension occurs or CHF worsens, Norpace or 
Norpace CR should be discontinued and, if necessary, restarted at a lower dosage 
only after adequate cardiac compensation has been established. Norpace or 
Norpace CR should be discontinued if significant widening (greater than 25%) of 
the QRS complex occurs. Prolongation of the Q-T interval (corrected) and worsen- 
ing of the arrhythmia may occur. Patients who have evidenced prolongation of the 
Q-T interval in response to quinidine may be at particular risk. As with other Type 
1A antiarrhythmics, disopyramide has been associated with torsade de pointes. 
If Q-T prolongation greater than 25% is observed and if ectopy continues, 
the patients should be monitored closely, and discontinuation of Norpace or 
Norpace CR considered. In rare instances significant hypoglycemia has been 
reported during Norpace therapy. The concomitant use of Norpace or Norpace CR 
with other Type 1 antiarrhythmic agents and/or propranolol should be reserved for 
patients with life-threatening arrhythmias who are demonstrably unresponsive to 
single agent antiarrhythmic therapy. Such use may produce serious negative 
inotropic effects, or may excessively prolong conduction. Patients receiving more 
than one antiarrhythmic drug must be carefully monitored. If first-degree heart 
block develops, the dosage of Norpace or Norpace CR should be reduced. If the 
block persists, continuation of Norpace or Norpace CR must depend upon an 
assessment of benefit versus risk. Development of second- or third-degree AV 
block or uni-, bi-, or trifascicular block requires discontinuation of drug unless the 
ventricular rate is adequately controlled by a pacemaker. Because of its anticholin- 
ergic activity, disopyramide phosphate should not be used in patients with glau- 
coma, myasthenia gravis, or urinary retention unless adequate overriding measures 
are taken. In patients with a family history of glaucoma, intraocular pressure should 
be measured before initiating Norpace or Norpace CR therapy. Precautions: Patients 
with atrial flutter or fibrillation should be digitalized prior to Norpace or Norpace CR 
administration to ensure that drug-induced enhancement of AV conduction does not allow a 
ventricular rate beyond physiologically acceptable limits. The effect of Norpace or Norpace CR 
is presently uncertain in patients with sick sinus syndrome, Wolff-Parkinson-White 
syndrome, or bundle branch block. Patients with myocarditis or other cardiomyopathy may 
develop significant hypotension in response to the usual dosage of disopyramide phosphate. 
Therefore, a loading dose of Norpace should not be given to such patients, and initial dosage 
and subsequent dosage adjustments should be made under close supervision. Norpace 
dosage should be reduced in patients with impaired renal or hepatic function and the 
electrocardiogram carefully monitored for signs of overdosage. Norpace CR is not recom- 
mended for patients with severe renal insufficiency. Antiarrhythmic drugs may be ineffective 
in patients with hypokalemia, and their toxic effects may be enhanced in patients with 
hyperkalemia. Therefore, potassium abnormalities should be corrected before starting 
Norpace or Norpace CR therapy. Concomitant administration of disopyramide phosphate with 
phenytoin or other hepatic enzyme inducers may cause lower disopyramide plasma levels. 
Concomitant administration with other antiarrhythmics may cause excessive widening of the 
QRS complex and/or prolongation of the Q-T interval. Concomitant administration with 
quinidine resulted in slight increases in disopyramide levels and slight decreases in quinidine 
levels. Pregnancy Category C. Norpace was associated with decreased numbers of implanta- 
tion sites and decreased growth and survival of pups when administered to pregnant rats at 
250 mg/kg/day, a level at which weight gain and food consumption of dams were also 
reduced. Increased resorption rates were reported in rabbits at 60 mg/kg/day. Safe use in 
pregnancy has not been established. Disopyramide has been found in human fetal blood. 
Norpace has been reported to stimulate contractions of the pregnant uterus. Use of 
Norpace or Norpace CR in pregnant women requires that the potential benefit be weighed 
against possible hazards to the fetus. Effects of Norpace or Norpace CR on the fetus during 
delivery or on the course of labor and delivery are unknown. Following oral administration, 
disopyramide has been found in human milk at a concentration not exceeding that in plasma. 
Because of the potential for serious adverse reactions in nursing infants from Norpace or 
Norpace CR, a decision should be made whether to discontinue nursing or discontinue the 
drug, taking into account the importance of the drug to the mother. Adverse Reactions: 
Dry mouth, urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary 
retention especially in males with benign prostatic hypertrophy, urinary frequency and 
urgency, impotence, nausea, pain/bloating/gas, anorexia, diarrhea, vomiting, nervousness, 
dizziness, general fatigue/muscle weakness, headache, malaise, aches/pains, hypotension, 
congestive heart failure, cardiac conduction disturbances, edema/weight gain, shortness of 
breath, syncope, chest pain, generalized rash/dermatoses, itching, hypokalemia, elevated 
cholesterol/triglycerides, depression, insomnia, dysuria, numbness/tingling, elevated liver 
enzymes, AV block, elevated BUN, elevated creatinine, decreased hemoglobin/hematocrit, 
and hypoglycemia. Acute psychosis, cholestatic jaundice, and agranulocytosis, all three 
reversible, have been reported, as have fever, respiratory difficulty, thrombocytopenia, and 
gynecomastia. Some cases of lupus erythematosus (LE) symptoms have occurred, mostly in 
patients switched from procainamide to disopyramide following the development of LE 
symptoms. Dosage and Administration: Dosage must be individualized on the basis of 
response and tolerance. The usual adult dosage is 400 to 800 mg/day given in divided 
doses: q6h for Norpace and q12h for Norpace CR. See current complete prescribing 
information for dosage recommendations. 
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CARDIOVASCULAR PHARMACOLOGY 


Effects of Nifedipine on the Venodilatory 
Response to Nitroglycerin 


Joseph A. Gascho, MD, and William P. Apollo, BS 


The venodilatory effect of nifedipine 10 mg orally 


and the venodilatory effect of nitroglycerin 0.8 mg 
spray after pretreatment with nifedipine were 
assessed in 15 healthy men aged 22 to 41 years. 
Compared to placebo, nifedipine caused arteriolar 
dilation but did not venodilate (control VV[30] 3.67 
+ 0.24 [mean + standard error of the mean], after 
nifedipine VV[30] 3.41 + 0.22 cc/100 cc arm). The 
venodilatory effect of nitroglycerin was not altered 
by pretreatment with nifedipine. VV[30] increased 
by 0.72 + 0.14 cc/100 cc arm after nitroglycerin in 
subjects pretreated with placebo compared to 0.70 
+ 0.09 cc/100 cc arm in subjects pretreated with 
nifedipine. These results suggest that, at a dose of 
10 mg, nifedipine does not venodilate and the veno- 
dilatory effect of nitroglycerin is not altered by pre- 
treatment with nifedipine. 

(Am J Cardiol 1990;65:99-102) 
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frequently take both calcium antagonists and ni- 

trates. Calcium antagonists dilate arterioles.! 
Some studies suggest that these agents dilate veins or 
attenuate venoconstriction induced by agents such as 
potassium chloride'~; others suggest they do not veno- 
dilate.*-’ Glyceryl trinitrates, such as nitroglycerin, di- 
late both arterioles and veins. At low doses, the predom- 
inant effect is venodilation.® The purposes of the present 
study were to determine, using a standard limb plethys- 
mographic technique, if nifedipine venodilates and if the 
venodilatory effect of nitroglycerin is altered in subjects 
pretreated with nifedipine. 


P atients with symptomatic coronary artery disease 


METHODS 

Patient population: Fifteen healthy male volunteers, 
age 22 to 41 years, were studied. None was taking any 
medication. Subjects gave informed consent and this in- 
stitute’s Committee on Human Research approved the 
study protocol. 

Determination of venous distensibility: The equili- 
bration technique was used to measure venous distensi- 
bility.”!0 This technique consists of rapidly inflating an 
upper arm cuff to a pressure 30 mm Hg above cuff 
zero, allowing venous pressure to equilibrate with cuff 
pressure. The change in venous volume of the fore- 
arm, after equilibration at 30 mm Hg above cuff zero 
(VV[30]), expressed in cc/100 cc arm, is considered to 
be an index of venous distensibility. After equilibration, 
an agent such as nitroglycerin can be administered. A 
further increase in venous volume with the upper arm 
cuff still inflated to 30 mm Hg above cuff zero implies 
venodilation. A single-strand mercury-in-silastic strain 
gauge'! is used to measure changes in forearm volume. 
With this technique, the hand is isolated from the circu- 
lation by the application of a wrist cuff to suprasystolic 
pressure,!? and the forearm is elevated above heart level 
to ensure that the veins in the forearm are collapsed.!° 

Because of technical difficulties, venous studies in 1 
subject were not interpretable. The venous distensibility 
data are based on the other 14 subjects. 

Determination of forearm vascular resistance: The 
venous occlusion technique was used to measure fore- 
arm blood flow.!!!3-!> Mean arterial pressure was mea- 
sured by oscillometry, using an automated blood pres- 
sure device (Dinamap). Forearm vascular resistance 
was calculated by dividing mean arterial pressure by 
forearm flow. The final forearm vascular resistance val- 
ue at each point in the protocol was determined by aver- 
aging values calculated from 6 to 8 measurements. 

General protocol instrumentation: Studies were per- 
formed in a warm (75°F) quiet room. Subjects were 
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studied in the supine position with loose clothing on the 
upper torso. They had not eaten for at least 5 hours and 
had emptied their bladders before the study. Blood pres- 
sure cuffs were placed around the upper right arm, the 
upper left arm and the left wrist. Strain gauges were 
secured with tape around both the left and the right 
forearm. The left arm was positioned so that the portion 
of the arm encircled by the plethysmograph was above 
heart level. After instrumentation, subjects were al- 
lowed to become acclimated to the surroundings for 15 
to 20 minutes. Measurements of venous distensibility 
were made on the left arm; measurements of forearm 
blood flow for calculation of forearm vascular resistance 
were made on the right arm. 


SYS BP DIAS BP HR FVR 


(mm Hg) (mm Hg) (b/min) / ™m_Hg 
ml/min 


FIGURE 1. Nifedipine caused a greater decrease in diastolic 
blood pressure (DIAS BP), and a greater increase in heart rate 
(HR) compared to placebo. Open bars represent changes 
measured after placebo, stippled bars after nifedipine. * p 
<0.05. Data are mean + standard error of the mean. FVR = 
forearm vascular resistance; SYS BP = systolic blood pres- 
sure. 
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FIGURE 2. There was no difference in the venodilatory 
response to placebo compared to nifedipine. Open bar repre- 
sents placebo effect; stippled bar represents nifedipine effect. 
Data are mean + standard error of the mean. 
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Experimental design: Venous distensibility, forearm 
vascular resistance, arterial pressure and heart rate 
were measured 3 times: (1) during baseline conditions, 
15 to 20 minutes after instrumentation; (2) 30 minutes 
after either placebo or nifedipine, 10 mg orally; and (3) 
6 minutes after nitroglycerin spray (0.8 mg to the top of 
the tongue) (about 36 minutes after placebo or nifedi- 
pine). The study was repeated on another day (usually 1 
day later) within 1 hour of the same time of day. Sub- 
jects were blinded to treatment (placebo or nifedipine). 
Nine subjects were given placebo on day 1 and nifedi- 
pine on day 2, while 6 were given nifedipine on day 1 
and placebo on day 2. 
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FIGURE 3. The decrease in blood pressure and the increase in 


placebo was administered; stippled bars = nifedipine. Abbre- 
viations as in Figure 1. 


= 
w 
5 
Y 
O 
© 
© 
e 
~ 
G 
O 


VV[30] 





FIGURE 4. The venodilatory response to nitroglycerin after 


bar. Data are mean + standard error of the mean. 


Statistical analysis: The null hypotheses tested were 
(1) that changes in hemodynamics and VV[30] induced 
by placebo were the same as those induced by nifedi- 
pine, and (2) that the changes in hemodynamics and 
VV([30] induced by nitroglycerin after placebo pretreat- 
ment were the same as those induced by nitroglycerin 
after nifedipine pretreatment. Paired t tests were used 
to test each of these null hypotheses. A p value <0.05 
was considered significant. 


RESULTS 

Effects of placebo and nifedipine on hemodynamics 
and venous distensibility: The changes in blood pres- 
sure, heart rate and forearm vascular resistance induced 
by placebo and nifedipine are shown in Figure 1. There 
was no difference between the effects of placebo and 
nifedipine on systolic blood pressure and forearm vas- 
cular resistance, but compared to placebo, nifedipine 
caused a decrease in diastolic pressure and an increase 
in heart rate. There was no difference between the ef- 
fects of placebo and nifedipine on VV[30] (Figure 2). 

Effects of nitroglycerin on hemodynamics and ve- 
nous distensibility after pretreatment with placebo and 
nifedipine: The decrease in blood pressure, the increase 
in heart rate and the change in forearm vascular resis- 
tance induced by nitroglycerin after pretreatment with 
placebo were similar to the effects induced by nitro- 
glycerin after pretreatment with nifedipine (Figure 3). 
There was no difference between the increase in VV[30] 
induced by nitroglycerin after placebo pretreatment 
compared to the increase induced by nitroglycerin after 
nifedipine pretreatment (Figure 4). 

The changes in VV[30] induced by nitroglycerin in 
this study were similar to the changes in VV[30] in- 
duced by nitroglycerin in previous studies performed in 
our laboratory.!*'!8 


DISCUSSION 

Our results demonstrate that nifedipine in a dose of 
10 mg does not dilate forearm veins, and that nifedipine 
does not alter the venodilatory response to nitroglycerin. 

Some experiments in both animals and humans have 
suggested that nifedipine may venodilate. Church and 
Zsoter* noted that nifedipine markedly attenuated spon- 
taneous contractile activity of rat portal veins, and that 
the contractions induced by norepinephrine and potassi- 
um chloride were inhibited by nifedipine. However, por- 
tal veins undergo spontaneous depolarization, and 
may be more dependent on potential-dependent calcium 
channels than other veins that do not contract spontane- 
ously. Mikkelsen et al showed that nifedipine relaxed 
strips of human peripheral veins* and mesenteric veins? 
contracted by norepinephrine or potassium chloride. In 
experiments by Robinson et al,' nifedipine attenuated 
the venoconstriction induced by the in vivo infusion of 
potassium chloride, but not the venoconstriction induced 
by norepinephrine. 

In contrast Houston et al,’ using venous plethysmog- 
raphy, found no increase in venous compliance after ni- 
fedipine 10 mg was administered sublingually to pa- 
tients with hypertension or to control subjects with 
normal blood pressure. Neither Manyari et alf nor Na- 


kamura et al’ noted venodilation of forearm veins after 
sublingual nifedipine 20 mg. 

Our findings support these latter 3 studies. In our 
experiments, nifedipine did not dilate veins. It is diffi- 
cult to compare our experiment to that by Robinson et 
al! because they used a different technique (a light- 
weight level positioned on a hand vein, used to quanti- 
tate displacement) and a different protocol (venodila- 
tion was assessed in precontracted veins). In the in vitro 
experiments, systemic humoral and nervous system in- 
fluences are not present. In addition, it is difficult to 
extrapolate in vitro drug concentrations to in vivo blood 
levels. 

The change in forearm vascular resistance after ni- 
fedipine was not significantly different from the change 
after placebo. This suggests that arteriolar resistance in 
the forearm was not decreased by nifedipine. Nifedipine 
appears to have produced significant arteriolar dilations 
in other vascular beds. Compared to the placebo arm of 
the protocol, nifedipine caused diastolic blood pressure 
to decrease and heart rate to increase. 

Although various investigators have shown that ni- 
troglycerin venodilates forearm veins,®!*2° there is lit- 
tle, if any, information about the effect of a calcium 
antagonist on the venodilatory effect of nitroglycerin. 
Even if nifedipine does not venodilate, the venodilatory 
effect of nitroglycerin in subjects treated with nifedipine 
might be altered. For example, the reflex increase in 
sympathetic tone caused by the arteriolar dilatory effect 
of nifedipine might attenuate the venodilatory response 
to nitroglycerin. We did not note any difference be- 
tween the venodilatory response to nitroglycerin after 
nifedipine compared to the response after placebo. 

It is possible that larger doses of nifedipine would 
have caused venodilation. However, there was not even 
a trend for venodilation at the 10-mg dose, which 
caused arteriolar dilation. Blood levels of nifedipine 
were not measured in this study. Other studies have 
demonstrated therapeutic levels at 30 minutes after ad- 
ministration.*! 

The technique we used measured the venodilatory 
response of forearm veins. The venodilatory response of 
another important bed, the splanchnic bed, was not as- 
sessed. Although 1 group of investigators using radionu- 
clide techniques noted that the forearm and splanchnic 
bed responded similarly to nitroglycerin,” others believe 
the splanchnic bed may respond differently to a vasoac- 
tive agent than forearm veins.>-23 

Clinical implications: The present study suggests 
that the venodilatory effect of nitroglycerin is not atten- 
uated by pretreatment with calcium antagonists. 
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Clinical and Regulatory Implications of the 
Cardiac Arrhythmia Suppression Trial 
Craig M. Pratt, MD, D. Craig Brater, MD, Frank E. Harrell, Jr., PhD, Peter R. Kowey, MD, 
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ccasionally, a study is published that has a 
() etn impact on an area of contemporary 

cardiology. Such a study, the Cardiac Arrhyth- 
mia Suppression Trial (CAST),' was published recent- 
ly. The CAST promises to exert considerable influence 
on our concepts regarding ventricular arrhythmias and 
sudden (arrhythmic) death for some time to come. As a 
direct result of the CAST, a special meeting of the Car- 
diovascular and Renal Drugs Advisory Board to the 
Food and Drug Administration (FDA) was held to dis- 
cuss the implications of the CAST in a public forum. As 
members of that committee, we were asked to share our 
personal opinions on the importance of the CAST find- 
ings as they relate to clinical practice and the drug reg- 
ulatory process. The minutes of the entire committee 
proceedings are public record. 

The Cardiac Arrhythmia Suppression Trial: The 
magnitude of the mortality result of the CAST was 
quite surprising. The CAST was comprised of patients 
with asymptomatic ventricular arrhythmias after acute 
myocardial infarction, a patient population usually 
thought to be at moderately increased risk of arrhyth- 
mic death. The CAST was designed to test the hypothe- 
sis that the suppression of ventricular premature com- 
plexes (VPCs) by antiarrhythmic drugs would reduce 
arrhythmic death risk. However, over a treatment dura- 
tion averaging 10 months, patients receiving encainide 
and flecainide had a 3.64-fold increase in arrhythmic 
- death/cardiac arrest compared to their respective place- 
bo group.' The inclusion of a parallel placebo group was 
invaluable in making the observation that an excess of 
arrhythmic deaths with encainide and flecainide oc- 
curred throughout the duration of the study. In this 
temporal respect, the increase in arrhythmic deaths 
defied traditional concepts of proarrhythmia, usually 
thought of as occurring within days or weeks of initiat- 
ing therapy. This proarrhythmia was even more dis- 
turbing since the CAST patients randomized to receive 
encainide and flecainide had already been shown to tol- 
erate the drugs and even demonstrated VPC suppres- 
sion during an open-label, dose-titration phase. Thus, a 
high proarrhythmic death rate in the CAST occurred 
despite the appropriate testing of these drugs with stan- 
dard clinical assessments before randomization to elimi- 
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nate patients with obvious proarrhythmia, increasing 
heart failure or other drug toxicity, as well as non- 
responders. 

The mortality results are of sufficient magnitude to 
merit a reconsideration of our traditional concepts of 
proarrhythmia. The CAST subgroup analyses revealed 
a remarkably consistent increase in mortality associated 
with the use of encainide and flecainide.' These prelimi- 
nary CAST results do not offer any encouragement that 
either the clinical endpoint of VPC suppression or treat- 
ing asymptomatic VPCs is effective in reducing the risk 
of arrhythmic death. In fact, they should generate a 
healthy skepticism regarding the use of traditional (la, 
lb, 1c) antiarrhythmic drugs in any patient population 
with VPCs where documented patient benefit has not 
been demonstrated. 

The “database” approach to defining the incidence 
of proarrhythmia: Until the CAST revelations, it was 
conventional to define proarrhythmic effects of antiar- 
rhythmic drugs as arrhythmic events that occurred 
within days or weeks of the initiation of therapy.2~ 
Sudden deaths occurring after months or years of anti- 
arrhythmic therapy were usually considered as either 
“inefficacy” or “disease progression.” The antiarrhyth- 
mic drug databases of both encainide and flecainide 
were reviewed retrospectively using this definition. 
These database analyses included large populations but 
had no control group (flecainide, n = 1330; encainide, n 
= 1755).4 Despite this large numerical experience, the 
proarrhythmic potential of these 2 drugs in patients 
with asymptomatic ventricular arrhythmia was not de- 
tected despite the fact that the combined database expe- 
rience of >3,000 patients exceeded the size of the 
CAST encainide/flecainide treatment group by 4-fold. 
The CAST population would be classified as a poten- 
tially lethal group with moderate arrhythmic death risk, 
yet the CAST encainide/flecainide population had a 
4.4% arrhythmic mortality within 10 months, even 
higher than that reported for patients presenting with 
lethal ventricular arrhythmias in the drug database re- 
ports of encainide and flecainide.* It is interesting that 
the mean observation period in the flecainide database 
was 292 days, nearly identical to the CAST (300 days), 
and yet a 0.2% incidence of proarrhythmic death for 
flecainide was reported in the potentially lethal cate- 
gory.* The limitations of database analysis include the 
absence of experience with postinfarction patients and 
the lack of a parallel placebo group. 

The power of the CAST study design: The CAST 
detected this large proarrhythmic death rate in a “mod- 
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erate” risk group because of the power of a parallel pla- 
cebo-controlled design. These results affirm the necessi- 
ty of, the rationale for and the ethical validity of pursu- 
ing knowledge through randomized, placebo-controlled 
clinical trials. The excessive arrhythmic death rate ob- 
served in the CAST may also have been previously un- 
detected because patients with recent acute myocardial 
infarction and ventricular arrhythmia, as well as pa- 
tients with severe left ventricular dysfunction, are al- 
most always excluded from pharmaceutical trials. It is 
also possible that the proarrhythmic potential of antiar- 
rhythmic drugs may be patient-population specific. Fur- 
thermore, the proarrhythmia detected in the CAST 
may have resulted, at least in part, from an interaction 
of ischemia, ventricular arrhythmia and the electro- 
physiologic properties of specific antiarrhythmic drugs. 
As suggested by Ruskin? in his editorial accompanying 
the CAST report, preliminary data from animal infarct 
models exist, which suggest that transient episodes of 
acute ischemia may convert “antiarrhythmic” drugs to 
“proarrhythmic” drugs. Another potential contributing 
factor was that by the inclusion of many patients with 
left ventricular dysfunction in the CAST, the proar- 
rhythmic effects of encainide and flecainide were en- 
hanced.’ 

Regulatory issues raised by the CAST: how should 
antiarrhythmics be labeled? The discussion was limited 
to electrophysiologic class la, 1b and 1c agents. We feel 
that extrapolation of the CAST results to other popula- 
tions and other antiarrhythmic drugs is inevitable. Can 
the CAST results be extrapolated to the other electro- 
physiologic class 1c agents; to other electrophysiologic 
classes (la, 1b)? To what extent can the CAST results 
be extended to other patient populations? Although 
we addressed these questions as regulatory issues, the 
thrust of the question is equally relevant to clinical prac- 
tice. Our committee attempted to reach reasonable 
speculative compromises, given the magnitude of the 
CAST results. 

The committee considered issues related to the label- 
ing of the currently marketed antiarrhythmic drugs. 
Given the absence of definitive clinical trials of other 
agents like the CAST, the consensus of the committee 
favored a conservative approach, emphasizing safety in 
the absence of data demonstrating patient benefit. For 
instance, the committee voted to recommend restrictive 
labeling of other class 1c agents (once approved and 
marketed) identical to that now required for encainide 
and flecainide (i.e., limited to life-threatening ventricu- 
lar arrhythmias). 

While the discussion of the committee regarding the 
la and 1b agents reflected considerable concern, it was 
recommended that a somewhat less restrictive approach 
be taken on labeling indications of these agents. How- 
ever, a consensus opinion was that the labeling of all 
antiarrhythmic agents (la, 1b, 1c) should be consistent- 
ly rewritten to indicate that no benefit with respect to 
mortality has been shown. Thus, the committee felt that 
the administration of these agents to treat asymptomat- 
ic, nonlife-threatening ventricular arrhythmia should 
not be a labeling indication for any of these agents. The 
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committee was split regarding appropriate labeling for 
la and 1b agents in patients with symptomatic nonlife- 
threatening VPCs, or runs of nonsustained ventricular 
tachycardia, or both. We were unanimous in recom- 
mending avoiding labeling that stated that treatment of 
these arrhythmias with the la, 1b agents was contra- 
indicated. 

Flecainide: use in supraventricular arrhythmias: 
The following day, the committee was confronted with 
the separate and difficult issue of whether flecainide 
should have a new labeling indication for the treatment 
of certain types of supraventricular arrhythmias (par- 
oxysmal atrial fibrillation, atrioventricular junctional 
tachycardias). After hearing a detailed description of 
the clinical studies presented by the sponsor in support 
of this application, the committee unanimously felt that 
there was unequivocal demonstration of efficacy; the 
key issue was safety. Our recommendation to the FDA 
was influenced strongly by the CAST, such that we vot- 
ed approval of a labeling indication for flecainide for 
the symptomatic, disabling supraventricular arrhyth- 
mias (noted above), limited to patients without structur- 
al heart disease. Patients with structural heart disease 
and symptomatic supraventricular arrhythmias require 
individual consideration of the risk-benefit ratio. Our 
feeling was that the risk-benefit ratio in patients with 
supraventricular arrhythmias with structural heart dis- 
ease was inadequately defined to merit a specific label- 
ing indication. 

FDA guidelines for the development of an antiar- 
rhythmic drug: The results of the CAST raise many 
questions regarding the current FDA guidelines for the 
development of new antiarrhythmic agents for ventricu- 
lar arrhythmias. Up to this time, these guidelines have 
suggested that the following are essential in a viable 
antiarrhythmic drug development program: defining the 
antiarrhythmic properties of a specific agent, including 
the dose-response relations in clinical trials involving pa- 
tients with chronic stable VPCs; defining whether or not 
the drug prevents inducibility of sustained ventricular ` 
tachycardia using programmed electrical stimulation; 
clinical trials, generally not placebo-controlled, involv- 
ing patients with “life-threatening” ventricular arrhyth- 
mias; a careful description of the proarrhythmic and 
negative inotropic effects of the drug, in large measure 
derived from experience in patients who are at increased 
risk for arrhythmic death; and a reasonably large expe- 
riential database. 

The results of the CAST require a careful reassess- 
ment of what should be considered adequate to address 
each of these critical elements. The commitee is sensi- 
tive to avoiding excessively strict guidelines that might 
discourage new drug development; the need for new 
agents is clearly greater now than ever. The members of 
the committee realize that it is not realistic to require 
mortality trials for each antiarrhythmic drug and spe- 
cific patient population. Many decisions must be made 
with imperfect data. There was inadequate time for our 
committee to address changes and clarifications of the 
specific details of the guidelines; a separate committee 
meeting will be required. 


Public health implications of the CAST: The public 
health implications of the CAST are emphasized by the 
timely publication of an analysis of the frequency with 
which antiarrhythmic agents are being prescribed in 
this country. Hine et alë reported that the use of antiar- 
rhythmic agents in the United States is increasing far 
out of proportion to the growth of the US population. In 
fact, from the years 1970 through 1986, they estimated 
that outpatient antiarrhythmic drug use increased from 
3.8 million to 11.5 million new prescriptions annually! It 
is widely held by pharmaceutical companies that be- 
tween 40 to 50% of these prescriptions are for the treat- 
ment of ventricular arrhythmias. As a result of the 
CAST, clinicians may change their prescribing habits, 
especially reconsidering the risk-benefit ratio in patients 
with potentially lethal ventricular arrhythmias.!.7 

Until and unless VPC suppression is shown to im- 
prove prognosis in the potentially lethal risk group, pub- 
lished studies emphasize an increased risk of antiar- 
rhythmic therapy, not counter-balanced by any dem- 
onstrated patient benefit.” Therefore “routine” pro- 
phylactic VPC suppression cannot be recommended. 
While the results in the encainide/flecainide group of 
the CAST do not entirely eliminate the VPC suppres- 
sion hypothesis, neither do they provide any reassurance 
that this approach is worthwhile. The CAST continues 
with the additional antiarrhythmic treatment limb, 
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moricizine, representing the electrophysiologic class 1.! 
The results of the moricizine limb will be critically im- 
portant in determining whether or not the increased risk 
associated with the use of encainide and flecainide 
should be generalized to other classes of antiarrhythmic 
drugs and in further assessing the validity of the VPC 
suppression hypothesis. 
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Cardiac Transplant Hypertension 


Randall C. Starling, MD, and Robert J. Cody, MD 


form of treatment for end-stage heart failure. 

The growth of heart transplantation has oc- 
curred coincident with the introduction of the immuno- 
suppressive agent cyclosporine and subsequent improve- 
ment in survival rates. The 1988 registry report of the 
International Society for Heart Transplantation report- 
ed a 79% 5-year actuarial survival for patients treated 
with cyclosporine.! Although rejection and infection ac- 
count for >50% of deaths after transplant, cardiac etiol- 
ogies now comprise 25%. Accelerated graft coronary ar- 
tery disease is a growing concern as long-term survival 
improves. Also, it is increasingly clear from articles, ab- 
stracts and anecdotal reports that rampant, refractory 
hypertension is a major clinical problem and concern in 
heart transplant recipients. The goal of this review is to 
discuss what is known about cardiac transplant hyper- 
tension and the threat it may pose to long-term survival. 


Cem transplantation is an effective and accepted 


BACKGROUND AND CLINICAL 
OBSERVATIONS 

Renal function, cyclosporine and hypertension: Tra- 
ditional immunosuppression regimens for cardiac trans- 
plant recipients have included azathioprine and predni- 
sone. In 1981 cyclosporine was introduced and used in 
combination with lower doses of prednisone (“steroid- 
sparing effect”). Thompson et al? reported in 1983 “the 
almost universal development of systemic arterial hy- 
pertension” in cardiac transplant recipients receiving cy- 
closporine. Previous reports indicated that <20% of pa- 
tients receiving azathioprine and prednisone developed 
postoperative hypertension.*4 In 1986 Thompson et al? 
retrospectively compared 18 patients receiving cyclo- 
sporine and 12 patients receiving azathioprine. Twelve 
months postoperatively, the average mean blood pres- 
sure was 116 + 13 and 98 + 7.5 mm Hg and the serum 
creatinine was 2.2 + 0.8 and 1.1 + 0.2 mg/dl in the 
cyclosporine and azathioprine groups, respectively.’ Oli- 
vari et al® recently reported their observations in 56 pa- 
tients who received maintenance cyclosporine in addi- 
tion to azathioprine and prednisone. Despite normal se- 
rum creatinine levels at 2 weeks after transplantation, 
68% of the patients were hypertensive (>140/90 mm 
Hg). Six months after transplant, 92% of the patients 
were hypertensive (requiring treatment) and no correla- 


From the Ohio State University Hospitals, Division of Cardiology, 
Department of Internal Medicine, Ohio State University College of 
Medicine, Columbus, Ohio. Manuscript received June 1, 1989; revised 
manuscript received and accepted August 30, 1989. 

Address for reprints: Randall C. Starling, MD, Room 647, Means 
Hall, 1654 Upham Drive, Ohio State University Hospitals, Columbus, 
Ohio 43210. 


106 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


tion was found between blood pressure, serum creati- 
nine or serum cyclosporine levels. Thompson et al? re- 
ported “the usual demographic characteristics associ- 
ated with hypertension (age, race, sex, body weight and 
family history) do not seem to influence the develop- 
ment of postoperative hypertension” after cardiac trans- 
plantation. In summary, virtually all cyclosporine-treat- 
ed cardiac transplant recipients develop hypertension 
soon after surgery, independent of renal impairment 
and irrespective of conventional risk factors associated 
with hypertension. Cardiac transplant hypertension is 
often severe and often inadequately treated despite the 
use of multiple classes of potent antihypertensive drugs. 

Neurohumoral/autonomic: Aberrant neurohumoral 
function could potentially contribute to the development 
of hypertension. Levine et al’ and Olivari et al found 
plasma norepinephrine levels returned to normal within 
6 months after cardiac transplantation despite marked 
elevation of norepinephrine before transplantation. 
Thompson et al found that supine and upright renin 
and 24-hour urinary catecholamines were within nor- 
mal limits in a group of cyclosporine-treated patients. 
Bellet et al? carefully studied 15 cyclosporine-treated 
patients while they were not taking antihypertensives 
and demonstrated no major abnormalities of the renin- 
angiotensin-aldosterone system. Myers et al!° elegantly 
studied a cyclosporine and a noncyclosporine group of 
cardiac transplant recipients 1 year after surgery. In cy- 
closporine-treated patients, active renin was significant- 
ly lower while the converse was true of inactive renin. 
Myers et al concluded that long-term cyclosporine ther- 
apy may partially block the intrarenal conversion of in- . 
active prorenin to active renin. Numerous investigators 
have presented preliminary data showing atrial natri- 
uretic peptide levels are elevated in orthotopic cardiac 
transplant recipients.!!'* We have reported a resting 
mean right atrial natriuretic peptide level of 150 + 92 
pg/ml in cardiac transplant recipients (normal <20 pg/ 
ml) and found no correlation between atrial natriuretic 
peptide and mean arterial pressure. !? 

Reeves et al!? and subsequently Alexopoulos et al!4 
independently have shown an attenuation in heart rate 
variability in denervated hearts compared to normal 
ones and a highly significant loss in the usual decrease 
in heart rate during sleep. Power spectrum analysis has 
demonstrated that transplant recipients, compared to 
normal volunteers, showed a 96% reduction in heart 
rate variability in the 0.02 to 1.0 Hz frequency band, 
which has been shown to be modulated primarily by the 
sympathetic nervous system.!> Yusuf et al,!6 examining 
the heart rate response to isoprenaline before and after 
8 blockade in cardiac transplant recipients, demon- 
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strated an increased sensitivity to stimulation and 
speculated that it represented an adaptive mechanism 
that develops in order to overcome the lack of direct 
sympathetic nerve stimulation. 

It is unknown whether dynamic changes in renal 
vascular tone are due primarily to effects of cyclospor- 
ine or conversely (or in addition) to alterations in renal 
sympathetic tone related to cardiac transplantation (de- 
nervation). Mohanty et al!’ reported cardiopulmonary 
baroreflex control of forearm vascular resistance was 
impaired after cardiac transplantation, perhaps secon- 
dary to ventricular deafferentation, and hence loss of 
the “tonic inhibitory influence” on sympathetic outflow 
to the heart and peripheral circulation originating from 
the cardiopulmonary region. Importantly, they also ex- 
amined this reflex in renal transplant recipients receiv- 
ing cyclosporine to control for its potential effects. How- 
ever, since the cardiac transplant patients studied were 
hypertensive and had elevated mean right atrial pres- 
sures (14 mm Hg) both factors may have influenced 
baroreceptor responsiveness. Subsequently, Ellenbogen 
et al! and Smith et al!? reported the arterial barorecep- 
tor response and heart rate variability (a measure of 
parasympathetic activity) normalizes after cardiac 
transplantation. Importantly, they noted failure of these 
parameters to normalize was correlated with posttrans- 
plant hypertension. Thus it does not appear likely that 
primary abnormalities of baroreceptor function after 
transplant, which could activate the neurohumoral axis, 
are the cause of posttransplant hypertension. 

Hemodynamics: The cardiac transplant recipient 
who develops hypertension is characterized by normal 
cardiac output and abnormally high systemic vascular 
resistance. Hemodynamics published from 5 transplant 
centers revealed a mean systemic vascular resistance 
from 1,306 to 2,150 dynes s cm~5, and a mean arterial 
pressure from 108 to 121 mm Hg in 159 cyclosporine- 
treated patients.56:20.21,22 Greenberg et al”? reported the 
highest mean arterial pressure (121 mm Hg) and sys- 
temic vascular resistance (2,150 dynes s cm~5) and the 
lowest cardiac index (2.3 liters/m?), and also observed a 
modest inverse correlation (r = —0.47, p <0.01) be- 
tween mean aortic pressure and ejection fraction, which 
we feel is a vitally important observation subsequently 
discussed in greater detail. After successful cardiac 
transplantation, right atrial, right ventricular, pulmo- 
nary arterial and pulmonary capillary wedge pressures 
are relatively normal at rest. However, stimuli such as 
rapid volume expansion, slow deep inspiration or supine 
bicycle exercise produce abnormalities of right atrial 
filling waves or striking elevations of the pulmonary 
capillary wedge pressure.?-26 Valentine et al?” reported 
the presence of a hemodynamic pattern suggestive of 
restrictive-constrictive physiology in 15% of cardiac al- 
lograft recipients. Patients with diastolic dysfunction 
had impaired systolic performance, but there were no 
significant differences in either mean arterial pressure 
or systemic vascular resistance between patients with or 
without constrictive-restrictive physiology. It is unclear 
whether cardiac denervation, myocardial pathology (re- 


jection or fibrosis), hypertension, volume overload or 
pericardial disease explains these hemodynamic obser- 
vations. 


POTENTIAL MECHANISMS OF CARDIAC 
TRANSPLANT HYPERTENSION 

The pathophysiologic mechanisms leading to hyper- 
tension in cyclosporine-treated cardiac transplant recipi- 
ents are unknown. Guilt by association would certainly 
implicate cyclosporine as a causative factor in cardiac 
transplant hypertension since the incidence of hyperten- 
sion in the era before cyclosporine was quite low. 

In cyclosporine-induced nephropathy, creatinine is 
hypersecreted by the renal tubules; thus the enhance- 
ment in creatinine clearance over glomerular filtration 
rate blunts the expected increase in serum creatinine 
(and decrease in creatinine clearance) as glomerular fil- 
tration rate decreases. Serum creatinine is therefore an 
insensitive marker, and the glomerular filtration rate 
may be overestimated by the creatinine clearance.”® 
Multiple adverse effects of cyclosporine on renal func- 
tion have been described. They include a reversible, 
dose-dependent increase in serum creatinine and dispro- 
portionate increases in blood urea nitrogen, hyperkale- 
mia, metabolic acidosis, hyperkalemic-hyperchloremic 
type IV renal tubular acidosis and chronic interstitial 
nephritis with irreversible renal toxicity.2?3° The mech- 
anism involved in cyclosporine renal toxicity is unknown 
but experimental evidence favors the following: tubular 
toxicity, vasomotor effects of cyclosporine on the renal 
blood vessels and a specific cyclosporine-associated vas- 
cular lesion. Renal histopathology demonstrates both 
tubulointerstitial and glomerular changes in cyclospor- 
ine-treated patients that parallel the degree to which the 
glomerular filtration rate is depressed. Myers originally 
proposed that the tubule is the primary site of injury in 
cyclosporine-associated nephropathy and that the loss of 
functioning nephrons would favor the development of 
systemic arterial hypertension, which would then fur- 
ther accelerate the development of glomerulosclerosis.?! 
Recently Myers et al! reported that “continuous cyclo- 
sporine therapy for more than 12 months causes a 
chronic injury to renal microvessels that is rarely re- 
versible and potentially progressive.” In this controlled 
study comparing cyclosporine- and noncyclosporine- 
treated patients, important differences were observed in 
the cyclosporine-treated patients: significant elevation of 
renal vascular resistance, proteinuria, arterial hyperten- 
sion, abnormalities of prorenin to renin conversion and 
renal histopathologic changes. Murray et al?° examined 
the effect of cyclosporine on renal hemodynamics in 
conscious rats and made a series of provocative and clin- 
ically relevant observations. An infusion of cyclosporine 
resulted in a significant decrease in renal blood flow, an 
increase in renal vascular resistance, stimulation of plas- 
ma renin activity and increased urinary 6-keto-PGF1-a 
excretion. Pretreatment with captopril did not prevent 
the decrease in renal blood flow, suggesting angiotensin 
II was not the mediator of cyclosporine-induced vaso- 
constriction. Administration of a nonsteroidal antiin- 
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flammatory agent augmented cyclosporine-induced va- 
soconstriction, suggesting a protective effect of pros- 
taglandins. Renal denervation or administration of 
phenoxybenzamine “dramatically reduced” the de- 
crease in renal blood flow after cyclosporine administra- 
tion. They concluded that “cyclosporine causes renal 
vasoconstriction which is mediated by the renal sympa- 
thetic nervous system, and that vasoconstriction is exac- 
erbated by the administration of cyclooxygenase inhibi- 
tors.”°9 Cyclosporine also appears causally related to 
the development of hypertension in humans who have 
not received transplants (e.g., rheumatoid arthritis) and 
in recipients of nonrenal or noncardiac transplants. 

Corticosteroids have been implicated in the patho- 
genesis of cardiac transplant hypertension. Intuitively it 
has been proposed that cardiac transplant hypertension 
is due to a mineralocorticoid effect producing a volume 
overload state and systemic arterial hypertension. The 
presence of normal intracardiac filling pressures and 
cardiac output in the face of hypertension does not sup- 
port the premise of “volume overload”’-related hyperten- 
sion. The fact that hypertension is universal and ram- 
pant in patients receiving cyclosporine-based triple im- 
munosuppression (“steroid-sparing regimen”) versus 
uncommon and mild in patients receiving azathioprine 
and prednisone further suggests corticosteroids play a 
minor role, if at all, in the pathogenesis of cardiac trans- 
plant hypertension. 

No definite neurohumoral abnormalities have been 
identified in cardiac transplant recipients that appear 
related to the pathogenesis of cardiac transplant hyper- 
tension. Virtually all clinical studies have concluded 
the renin-aldosterone-angiotensin axis is normal under 
baseline conditions, and captopril does not alter renal 
hemodynamics either experimentally or clinically. Arte- 
rial baroreceptor function recovers after transplantation 
but the development of abnormal baroreceptor sensitiv- 
ity is related to systolic hypertension.!® 

At the time of transplantation the donor heart is im- 
mediately faced with a high impedance state due to re- 
sidual peripheral vasoconstriction and potential mis- 
matching in impedance between the donor denervated 
heart and the recipient vasculature. This is relevant, in 
that Nichols et al?? examined the interrelation between 
aortic input impedance and left ventricular performance 
with age, and concluded that an increase in vascular 
load may account for the observed decrease in stroke 
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volume and development of mild left ventri¢ular hyper- 
trophy observed with advancing age. The cardiac trans- 
plant recipient potentially represents an extreme exam- 
ple of mismatching between the native vasculature and 
the transplanted left ventricle. Posttransplant systemic 
arterial hypertension, cross-sectional area of the recipi- 
ent peripheral vascular bed and stiffness of the recipient 
aorta appear to be important variables related to ven- 
tricular/vascular coupling and ultimately left ventricu- 
lar function. Perhaps more importantly, no autonomic 
feedback or communication exists between the peripher- 
al and central circulation in orthotopic cardiac trans- 
plant recipients, and the heart is unable to respond to 
changes in afterload by alterations in inotropic state 
normally mediated via sympathetic innervation. The de- 
nervated heart does not recognize or synthesize input 
from the peripheral circulation, and continues to con- 
tract vigorously and eventually hypertrophy. This sce- 
nario may, in part, explain why the usual hemody- 
namic profile after transplantation is characterized by 
increased systemic vascular resistance, normal cardiac 
output, and normal ejection fraction. Why the systemic 
vascular resistance remains elevated in the face of nor- 
mal cardiac function is unknown, but may be an in- 
dependent variable related to direct vascular effects 
of cyclosporine or cyclosporine-associated ablative 
nephropathy as previously discussed. Whether ventricu- 
lar/vascular uncoupling plays a primary role in the 
pathogenesis of cardiac transplant hypertension is un- 
clear; however, the dire implications of systemic arterial 
hypertension after transplantation are unequivocal and 
will be subsequently discussed. 


TREATMENT OF CARDIAC TRANSPLANT 
HYPERTENSION 

There are no peer-reviewed published clinical trials 
examining the effectiveness of pharmacologic strategies 
in the treatment of cardiac transplant hypertension. Our 
experience, anecdotal reports and personal communica- 
tions with transplant physicians from major centers in- 
dicate cardiac transplantation hypertension is often re- 
fractory, and optimal control is difficult to achieve 
despite the use of multiple, potent antihypertensives. 
Meticulous attention to immunosuppression and assidu- 
ous efforts to use the lowest possible doses of cyclospor- 
ine and steroids while still preventing rejection are im- 
perative and crucial cornerstones of therapy. Conven- 
tional practice advises that cyclosporine be maintained 
at higher doses the first 6 to 12 months after surgery. 
Unfortunately the nephrotoxic effects of cyclosporine 
appear to be cumulative and may in effect “set the 
stage” for longstanding hypertension that persists even 
after cyclosporine doses are ultimately reduced. As the 
mechanism of cardiac transplant hypertension is purely 
conjectural at present, our caution regarding the use 
and amount of cyclosporine is speculative. It is our im- 
pression that in the early postoperative period dynamic 
changes in renal function and blood pressure may more 
closely correlate with cyclosporine dosing. In contrast, 
in the late postoperative period, adjustments in cyclo- 
sporine doses have little influence on blood pressure. 


Our clinical impression is consistent with data showing 
that withdrawal of cyclosporine after a few months of 
therapy was followed by an increase in renal plasma 
flow, whereas renal vascular resistance remained elevat- 
ed in patients withdrawn from cyclosporine between 36 
and 48 months after institution of therapy.!° 

Angermann et al? prospectively treated 10 hyper- 
tensive cardiac transplant recipients with enalapril and 
furosemide alone or in combination with verapamil and 
documented that very effective blood pressure control 
was achieved over 5.7 months of follow-up. Although a 
small number of patients were examined, this remains 
the only prospective study that carefully examined the 
efficacy of any antihypertensive regimen in cyclospor- 
ine-treated cardiac transplant recipients. 

Many classes of antihypertensive agents have been 
used in the treatment of cardiac transplant hyperten- 
sion, and our experience and recommendations concern- 
ing each group of drugs will be briefly discussed. Diure- 
tics should be used cautiously because the balance 
between edema/hypertension and volume depletion /hy- 
potension can be tenuous in a subset of these patients. 
Overzealous diuresis can potentiate the apparent neph- 
rotoxicity of cyclosporine by further reducing renal 
blood flow and altering cyclosporine pharmacokinetics. 
We have observed striking dynamic changes in blood 
urea nitrogen and serum creatinine that occurred over a 
24- to 48-hour period related to the state of hydration. 
The use of diuretics is probably justified in cardiac 
transplant hypertension because an increase in plasma 
volume has been described in cyclosporine-treated pa- 
tients and may relate to cyclosporine-associated sodium 
retention as demonstrated in renal allograft recipients. 
No studies have been published examining the antihy- 
pertensive or renal effects of 8 blockers in cardiac trans- 
plant recipients. The effectiveness of calcium antago- 
nists has not been tested in a randomized, controlled 
clinical trial. Calcium antagonists alter cyclosporine me- 
tabolism and have the potential to elevate cyclosporine 
levels, which may negate any salutary antihypertensive 
effect by precipitating renal dysfunction. Renal function 
and cyclosporine levels should be carefully monitored 
when calcium antagonists and cyclosporine are adminis- 
tered concurrently. The renin-angiotensin axis appears 
normal in cyclosporine-treated cardiac transplant recipi- 
ents. Experimental data, as previously discussed, dem- 
onstrate that the cyclosporine-induced renal vascular ef- 
fects are not reversed by captopril. Potential problems 
regarding the additive renal toxicity of angiotensin con- 
verting enzyme inhibitors and cyclosporine have not 
been observed clinically. Reversible proteinuria and re- 
nal dysfunction associated with angiotensin converting 
enzyme inhibitors has not been reported in either renal 
or cardiac transplant recipients. Angermann’s prelimi- 
nary data suggest additional clinical trials should be 
performed to examine the antihypertensive efficacy of 
enalapril as monotherapy or in combination with vera- 
pamil. We and others have used hydralazine in combi- 
nation with a diuretic in the initial management of car- 
diac transplant hypertension. Many patients require 400 
mg/day of hydralazine, which has been well tolerated 





both short and long term. In more refractory cases, the 
addition of minoxidil is sometimes necessary to achieve 
blood pressure control. Clonidine has been well tolerat- 
ed in our patient population. Based on the previously 
discussed observations made in rats, it is attractive to 
postulate that clonidine may ameliorate hypertension by 
augmenting renal blood flow in cyclosporine-treated pa- 
tients. Our experience with the use of prazosin is limited 
and we have not used a-methyldopa in cardiac trans- 
plant patients. We are unaware of any reports describ- 
ing the clinical usefulness of other sympatholytic agents 
for cardiac transplant hypertension. 

Based on our experience, we believe nonsteroidal 
antiinflammatory agents should be avoided in patients 
receiving cyclosporine. Blood urea nitrogen and serum 
creatinine increase precipitously within 24 to 48 hours 
after introducton of nonsteroidal antiinflammatory 
agents, but fortunately the renal dysfunction is rapidly 
reversible after withdrawal. This clinical observation in 
humans relates nicely to the observation of Murray et 
al? that meclofenamate potentiates the renal vasocon- 
strictive action of cyclosporine in rats. Aspirin, nonste- 
roidal antiinflammatory agents, or potentially any pros- 
taglandin inhibitor may potentiate cyclosporine induced 
renal disease and cardiac transplant hypertension. The 
use of these drugs in cyclosporine treated patients 
should be further investigated. 

The observations that cardiac transplant recipients 
lack the normal nocturnal decrease in blood pressure 
and that the early morning blood pressure is often the 
highest measurement help the clinician tailor antihyper- 
tensive therapy. Optimal blood pressure management is 
often achieved by preferentially giving larger doses of 
antihypertensives at bedtime so as to target treatment 
for the specific time of day when blood pressure is typi- 
cally highest. Afternoon blood pressures are often much 
lower than morning measurements, and if the same dose 
of vasodilator is given consistently, symptomatic, iatro- 
genic hypotension can occur. 
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IMPLICATIONS 

The universal occurrence of hypertension and its re- 
fractory nature in essence give every transplant recipi- 
ent taking cyclosporine a new cardiovascular disease in 
substitution for the disease (end-stage heart failure) 
that was “cured.” It has been our observation that pa- 
tients with poorly controlled hypertension often com- 
plain of fatigue and exertional dyspnea despite well-pre- 
served ventricular systolic function. We believe there is 
an exceedingly important and close link between blood 
pressure and ventricular function in cardiac transplant 
recipients intimately related to long-term morbidity and 
survival. 

The concept of ventricular/vascular uncoupling was 
introduced and previously discussed. The majority of ev- 
idence suggests cardiac transplant hypertension is cyclo- 
sporine-associated and transplantation or denervation 
alone do not explain the pathogenesis of hypertension. 
However, denervation and ventricular/vascular uncou- 
pling combined with cyclosporine-associated severe hy- 
pertension may represent an extremely pathologic com- 
bination. Table I lists the hemodynamics for 159 cyclo- 
sporine-treated patients and shows a tendency toward a 
reduction in cardiac output accompanying an increase 
in systemic vascular resistance. We have observed a 
close relation between blood pressure and ventricular 
function in many of our cardiac transplant recipients. 
Figure 1 shows the typical and striking changes in mean 
arterial pressure and systemic vascular resistance in a 
49-year-old male cardiac transplant recipient receiving 
cyclosporine. The mean arterial pressure and systemic 
vascular resistance increase progressively despite cumu- 
lative addition of several classes of antihypertensives. As 
the afterload increases, the left ventricular ejection frac- 
tion declines from an excellent value 1 month after sur- 
gery, 77%, to 44% when the systemic vascular resistance 
is 2,433 dynes s cm~’. Endomyocardial biopsies ob- 
tained when radionuclide angiographic ejection fraction 
was measured were free of rejection. 

Compensatory hypertrophy is a normal adaptive re- 
sponse to cardiovascular disease. In the presence of hy- 
pertension, hypertrophy slowly develops as hypertension 
worsens. Normally, cardiac and extracardiac compensa- 
tory factors are activated to reduce the load on the 
heart and delay the appearance of overt heart failure. It 


is unlikely that all these reflexes are activated in the 
denervated, transplanted heart. The transplanted heart, 
when placed in a high afterload circulation (hyperten- 
sion), with an intrinsically high heart rate due to dener- 
vation and with it stripped of its normal compensatory 
mechanisms, may represent an in vivo experimental 
model of the progression of hypertrophy leading to car- 
diac failure (Figure 2). As such, it is a condensed ver- 
sion of the “Meerson hypothesis” of hypertrophy and 
failure.’ Borow et al*> noninvasively determined load 
independent indexes to identify preclinical left ventricu- 
lar dysfunction in cardiac transplant recipients. They re- 
ported left ventricular wall mass and end-diastolic wall 
thickness is greater in transplant recipients, and they 
also concluded it represented a normal physiologic re- 
sponse to increased systemic vascular resistance, peak 
systolic pressure and peak systolic wall stress.*> Other 
investigators have expressed concern over the apparent 
relation between systemic arterial hypertension and left 
ventricular systolic and diastolic function.?°2* However, 
this issue has not been examined in a systematic, pro- 
spective fashion. 


MANDATE FOR THE FUTURE 

A number of issues are uninvestigated, and impor- 
tant questions remain unanswered regarding the etiolo- 
gy, pathophysiology and treatment of cardiac transplant 
hypertension. Cognizance of the lack of knowledge re- 
lated to this problem, which poses a threat to the long- 
term effectiveness of the only successful treatment for 
end-stage heart failure, requires mandates for the fu- 
ture: better characterization of the pathophysiology of 
postcardiac transplant hypertension so that rational ap- 
proaches to therapy can be developed; determination of 
the minimally effective dose of cyclosporine from the 
standpoint of immunosuppression and its cumulative 
toxicity, time course and reversibility of nephrotoxicity, 
as well as its relation to hypertension; determination of 
the relation between steroid use/dosage and cardiac 
transplant hypertension; establishment of the goals of 
antihypertensive therapy for cardiac transplant hyper- 
tension (currently it is assumed a reduction in cardio- 
vascular morbidity and mortality analogous to that seen 
in native hypertension can be achieved with the 140/90 
mm Hg benchmark); additional insight into the concept 
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of ventricular/vascular uncoupling and the risk posed 
by hypertension to the denervated, “unprotected” heart, 
and the importance of vigilant blood pressure surveil- 
lance; multicenter trials (due to the limited number of 
patients) to test the efficacy of antihypertensive drugs 
showing promise in the treatment of cardiac transplant 
hypertension; and avoiding overinterpretation of post- 
cardiac transplant physiologic studies that do not ac- 
count, or control, for the presence or absence of cardiac 
transplant hypertension. 

We firmly believe that long-term morbidity and 
mortality are, in part, related to cyclosporine-associated 
hypertension. Both subtle and frank abnormalities of 
diastolic and systolic function are related to and magni- 
fied by uncontrolled hypertension. Physicians caring for 
cardiac transplant recipients should be vigilant and dili- 
gent in the surveillance and treatment of cardiac trans- 
plant hypertension. 
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Lessons from the Past and Reflections on 
the Cardiac Arrhythmia Suppression Trial 


Stephen C. Viay, MD 


e still do not know how to treat ventricular pre- 

W mature complexes (VPCs) in most patients. 

There is agreement among most (unfortu- 

nately not all) cardiologists that survivors of sustained 

ventricular tachycardia (VT) or sudden cardiac arrest 

not associated with the acute phase of myocardial in- 

farction deserve intensive evaluation including electro- 

physiologic testing in most. Cautions urged 7 years ago 

as well as pharmacotherapeutic guidelines remain val- 
id.! 

Treating patients inappropriately (or even for appro- 
priate indications) with type 1 antiarrhythmic drugs 
may worsen a native arrhythmia and cause sudden car- 
diac death. 

The type lc agents including flecainide and encai- 
nide may be among the most proarrhythmic in patients 
with coronary artery disease and prior myocardial in- 
farction. Not enough data are available on propafenone 
to condemn it, and it must be remembered that it is 
different pharmacologically (possessing mild 6-blocker 
activity). 

One must be aware of the formidable influence of 
pharmaceutical industry advertising. Witness the mar- 
keting efforts of the past few years in which the virtues 
of treating VPCs with flecainide or encainide were ex- 
tolled ad nauseum. (Physicians, in fact, are now paying 
the price: many patients started on flecainide or encai- 
nide therapy who heard the results of the Cardiac Ar- 
rhythmia Suppression Trial [CAST] have called the 
prescribing physician and demanded cessation of the 
drug or a lengthy explanation.) 

Data cannot and should not be extrapolated from 1 
patient population to another. We? described a more fa- 
vorable outcome in survivors of symptomatic VT or ven- 
tricular fibrillation after intensive evaluation and thera- 
py when nonsustained VT was also eradicated from the 
ambulatory electrocardiographic recording. Although it 
would seem to follow that abolishing this arrhythmia 
from other groups would also be beneficial, the data 
from CAST indicate the error in this extrapolation (a 
higher incidence of sudden death with flecainide or en- 
cainide).° 


From the Department of Medicine, Division of Cardiology, Health 
Sciences Center, State University at New York at Stony Brook, Stony 
Brook, New York. Manuscript received August 31, 1989, and accepted 
September 1. 

Address for reprints: Stephen C. Vlay, MD, Department of Medi- 
cine, Division of Cardiology, Health Sciences Center, T-17, 020, State 
University of New York at Stony Brook, Stony Brook, New York 
11794. 


112 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


Similarly, we must not damn the utility of flecainide 
or encainide in other populations such as patients with 
paroxysmal atrial or preexcitation arrhythmias. In pa- 
tients with normal left ventricular function without 
myocardial ischemia, these drugs may be quite effective 
and well tolerated. Nevertheless, a recent report* of 3 
patients also indicated the potential for ventricular 
proarrhythmias. Consequently, more study, but not hys- 
teria, is necessary to learn if there is a role for these 
drugs. 

The terms malignant, potentially malignant and be- 
nign have been advocated and used freely. I have no 
problem with the terms benign and malignant but po- 
tentially malignant seems to “potentially” cause confu- 
sion in the evaluation and treatment of patients with 
arrhythmias. When does one say that the 3-beat salvo 
of nonsustained VT in a patient with coronary artery 
disease really is benign and requires only a 8 blocker? 
When is it really a harbinger of a lethal episode in the 
near future that might be avoided with electrophysio- 
logic-guided therapy? Problems with terminology also 
undermine our ability to accurately stratify patients’ 
risks when ventricular ectopic activity—not malignant 
or benign arrhythmias at the ends of the spectrum—is 
present. 

In short, if one is concerned about the use of type 1 
antiarrhythmic drugs in asymptomatic patients with se- 
rious underlying heart disease, it may be better to avoid 
them. Other strategies may include the use of 6 
blockers if drug therapy is still considered desirable, if 
there are no contraindications and particularly if there 
is another reason to give the drug (such as ischemia 
after myocardial infarction). 

Risk stratification may be enhanced through the use 
of signal averaging. Late potentials may indicate a high- 
er risk of sudden cardiac death. Together with an esti- 
mation of the severity of the underlying left ventricular 
dysfunction, this scheme may assist in the decision to 
recommend electrophysiologic testing. One cannot send 
all patients to the electrophysiologic laboratory, but per- 
haps not enough undergo this predictive study when the 
risk of sudden death with the casual use of type 1 anti- 
arrhythmic drugs is considered. The manner in which 
the preliminary results of CAST were released deserves 
comment, if not criticism. Certainly there was an obli- 
gation to stop the study and report the adverse events 
related to flecainide and encainide. Unfortunately, the 
public received the message via the mass media and 
their reaction was almost hysterical: patients stopping 
their drugs without calling their physicians; pharmacists 


telling their patients that the drug prescribed was dan- 
gerous; patients needlessly worried about risks that they 
themselves did not face; physicians besieged by phone 
calls; and patients losing confidence in their physicians. 
At no point was the public reassured that the results 
pertained to a specific patient population, that results 
could not be extrapolated to other groups, that patients 
whose therapy had been guided by electrophysiology 
testing were at little risk of proarrhythmia or that pa- 
tients should discuss the matter with their physician but 
not be unduly alarmed. 

Currently we have nationwide programs raising 
awareness of problems with elevated serum cholesterol, 
the risk of hypertension, the danger of smoking and the 
need to consult a physician when experiencing chest 
pain. The article by Morganroth et al in this issue of 
The American Journal of Cardiology indicates that 33 
to 43% of cardiologists thought it appropriate to pre- 
scribe amiodarone for refractory benign or potentially 
malignant arrhythmias. In addition, 60% thought it ap- 
propriate to use encainide or flecainide as initial therapy 
for malignant ventricular arrhythmias. Personally I 
hope that they misread the questionnaire and meant to 
give a different answer. Physicians must also be remind- 
ed that there is a difference between eradicating ven- 


tricular ectopy on the ambulatory electrocardiogram 
and preventing sudden cardiac death. 

Five years ago, I recommended that a panel of ar- 
rhythmia specialists be convened to discuss indications 
for evaluation and treatment of ventricular ectopic ac- 
tivity. Perhaps that idea should now come to fruition. 
Certainly we need a physician awareness program to 
combat the apparent incomplete understanding of the 
potential risks of treatment as well as the pharmacology 
and toxicity of antiarrhythmic drugs. It is even possible 
that these efforts could be partially supported by the 
pharmaceutical industry, but in a nonpartisan way. 
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Percutaneous Transluminal Coronary 
Angioplasty for Silent Myocardial Ischemia 


Henry S. Cabin, MD 


al coronary angioplasty (PTCA) was performed,! 

the number of procedures performed has increased 
dramatically. This in part relates to a greater availabili- 
ty of the procedure to patients with coronary artery dis- 
ease as the number of operators has increased, but it 
also reflects an expansion of the indications for PTCA.? 
The indications for any therapeutic intervention should 
be based on its potential benefits, the likelihood of suc- 
cess, the frequency of complications and the subsequent 
morbidity and mortality. A comparison of earlier and 
more recent series of patients undergoing PTCA has 
documented an increase in success rate and a de- 
crease in complication rate.* The only proven benefit of 
PTCA, however, remains the relief of symptomatic 
myocardial ischemia. Whether PTCA also favorably al- 
ters the risk of subsequent myocardial infarction or 
death in patients with symptomatic ischemia can only 
be inferred from a comparison of studies of outcomes in 
patients undergoing PTCA with other studies of pa- 
tients who have been treated with medical therapy. 
There have been no randomized studies comparing out- 
comes in patients with angina treated medically versus 
those undergoing PTCA. Because of its efficacy in re- 
lieving angina, however, PTCA has become a widely 
accepted alternative to surgical and medical therapy in 
symptomatic patients with 1- or multivessel coronary 
artery disease. 

The role of PTCA in asymptomatic patients remains 
poorly defined. Because this group of patients will not 
have any immediate symptomatic benefit from PTCA, 
the indication for PTCA must be based on its impact on 
subsequent morbidity and mortality. Several studies 
have demonstrated that patients with coronary artery 
disease have an increased risk of myocardial infarction 
or death if they have evidence of inducible or spontane- 
ous myocardial ischemia whether or not ischemia is as- 
sociated with pain.*° The extent and location of the cor- 
onary narrowing, the presence and severity of left ven- 
tricular dysfunction, the level of exercise achieved on 
the treadmill and the extent of ischemia at peak exer- 
cise are generally accepted as predictors of outcome 
whether or not the patient is symptomatic. Thus, pa- 
tients with silent myocardial ischemia, excellent exercise 


|: the 13 years since the first percutaneous translumin- 
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capacity, l-vessel coronary artery disease and normal 
left ventricular function have an excellent long-term 
prognosis while similarly asymptomatic patients with 3- 
vessel coronary disease, depressed left ventricular func- 
tion and poor exercise capacity will have a relatively 
high risk of subsequent myocardial infarction or death. 
Although it is clear that a subgroup of patients with 
asymptomatic myocardial ischemia will benefit from 
surgical revascularization (i.e., those with 3-vessel coro- 
nary disease and left ventricular dysfunction and those 
with left main coronary stenosis) it is unclear which, if 
any, asymptomatic patients will benefit from PTCA. 
In the present issue of the Journal, Anderson et al’ 
report the long-term outcome of 114 patients who un- 
derwent PTCA and never had angina pectoris or myo- © 
cardial infarction. These 114 patients represent <2% of 
all patients who underwent PTCA at their institution 
between 1980 and 1987. This low percentage presum- 
ably reflects not only the relatively small number of en- 
tirely asymptomatic patients who undergo cardiac cath- 
eterization but also the reluctance of patients and physi- 
cians to proceed with revascularization without the 
prospect of immediate symptomatic benefit and with no 
clear evidence of long-term benefit on morbidity and 
mortality. The study population consisted predominant- 
ly of patients with 1-vessel disease (69%) and normal 
left ventricular function. Such patients in general have a 
good prognosis without revascularization. Presumably a 
subgroup of these patients were at a higher risk of sub- 
sequent cardiac events because of a markedly positive 
exercise tolerance test but no information is provided 
regarding the extent of ischemia during stress testing or 
the level of exercise at which the ischemia occurred. Of 
the 114 patients, 7 (6%) sustained a myocardial infarc- 
tion either during PTCA (2 patients) or during the 
mean follow-up period of 43 months (5 patients). There 
were no deaths. Previous studies of untreated or medi- 
cally treated asymptomatic patients with significant 
coronary artery disease have reported a similar frequen- 
cy of myocardial infarction. In 1 study of 78 asymptom- 
atic men with positive stress tests and angiographically 
proven coronary artery disease, 4 (5.1%) sustained a 
myocardial infarction during a mean follow-up period 
of 57 months and 2 (2.6%) died.8? In another study of 
50 asymptomatic men with coronary artery disease, 7 
(14%) had a myocardial infarction and 3 (6%) died dur- 
ing an 8-year follow-up period.!° The absence of mor- 
tality over a follow-up period ranging from 5 to 92 
months in the present study supports the safety of a 
“PTCA approach” to asymptomatic patients, but only a 


> 


very large randomized trial would be able to detect a 
reduction in mortality in this very low risk population, 
which has a <0.5% annual mortality without interven- 
tion. 

One of the difficulties associated with performing 
PTCA in asymptomatic patients is the detection of re- 
stenosis. Although it is well established that restenosis 
usually presents as recurrent angina, not myocardial in- 
farction or sudden death, the asymptomatic patient 
could develop recurrent ischemia without symptoms and 
then progress, without warning, to myocardial infarc- 
tion or sudden death. The low frequency of myocardial 
infarction and death during the follow-up period in the 
study by Anderson et al is reassuring in this regard. In 
patients who have undergone PTCA for silent myocar- 
dial ischemia, however, it would seem prudent to recom- 
mend frequent stress testing particularly during the first 
6 months after PTCA so that restenosis could be diag- 
nosed and treated early before the patient progressed to 
a more severe manifestation of restenosis. 

Although the study by Anderson et al in this issue of 
the Journal supports the safety of PTCA in asymptom- 
atic patients without a history of angina or myocardial 
infarction, it does not define the overall role of PTCA in 
this population. Until the impact of medical therapy, 
PTCA and surgery on the prognosis of asymptomatic 
patients is defined by randomized trials, PTCA in this 
population should be limited to patients with suitable 
coronary anatomy? who are at a high risk of subsequent 
morbidity and mortality because of clear evidence of se- 


vere but silent myocardial ischemia at a low workload 
on stress testing. 
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FROM THE EDITOR 


Some Good Cardiologic Books Published in 1989 


ooks, books, books! Some of the nonmedical ones 

in 1989 included Nancy Reagan’s My Turn: The 

Memoirs of Nancy Reagan; former attorney gen- 
eral Ed Meese’s Witness to History: Power and Poli- 
tics in the Reagan White House; Robert Bork’s The 
Tempting of America: The Political Seduction of the 
Law; John Barry’s The Ambition and the Power: The 
Fall of Jim Wright; Norman Cousins’ Head First: The 
Biology of Hope; Bill McKibben’s The End of Nature; 
Stephen Jay Gould’s Wonderful Life: The Burgess Shale 
and the Nature of History; Gore Vidal’s Hollywood; 
James Michener’s Caribbean; Carey Roberts’ Touch a 
Cold Door; 4 books on Richard Nixon; at least 12 new 
books on World War II; and of course many others. More 
cardiologic books appeared in 1989 than in 1988. The 
average cost of a cardiologic book in 1989 was $65.00. 
This piece will mention some good cardiologic books ap- 
pearing in 1989. 

1. Hurst JW, Editor in Chief, Schlant RC, Associate 
Editor. The Heart, Arteries and Veins. New York: 
McGraw-Hill Information Services Co., 1990:2,348, 
$99.00 (single volume), $115.00 (double volume). 

2. Julian DG, Camm AJ, Fox KM, Hall RJC, and 
Poole-Wilson PA, editors. Diseases of the Heart. Lon- 
don: Bailliere Tindall, 1989:1,709, $125.00. 

The Hurst book is a must for a cardiologic library. It 
actually complements the Braunwald book in that it has a 
bit more on therapy and a bit less on diagnosis and patho- 
physiology, the opposite of the Braunwald book. The 
Hurst book is less expensive and contains much more 
information than does the Julian book. 

3. Long WA, editor. Fetal and Neonatal Cardiology. 
Philadelphia: WB Saunders Co., 1990:863, $195.00. 

I suspect that this book will rapidly become the bible 
on this subject. 

4. Adams FH, Emmanouilides GC, Riemenschneider 
TA, editors. Moss’ Heart Disease in Infants, Children, 
and Adolescents, Fourth edition. Baltimore: Williams & 
Wilkins, 1989:1,066, $149.95. 

This excellent book by 73 contributors includes nearly 
all forms of cardiac disease in the young. Exactly 50% of 
the text concerns congenital defects; the other 50% con- 
cerns acquired heart diseases, procedures and special 
problems. 

5. Elkayam U, Gleicher N, editors. Cardiac Problems 
in Pregnancy. Diagnosis and Management of Maternal 
and Fetal Disease. New York: Alan R. Liss, Inc., 
1990:809, $124.50. 

A comprehensive book on this subject. 

6. Gazes PC. Clinical Cardiology. Philadelphia: Lea 
& Febiger, 1990:594, $55.00. 

This easily readable book presents in a simple, concise 
manner nonencyclopedic cardiologic information useful 
in everyday practice. This book is a good one for noncar- 
diologists seeking cardiologic information. 
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7. Opie LH. Clinical Use of 
Calcium Channel Antagonist 
Drugs. Boston: Kluwer Academic 
Publishers, 1989:304, $80.00. 

An excellent book. 

8. Williams R. The Trusting 
Heart. Great News About Type A 
Behavior. New York: Times | 
BOOKS, 1989:240, $17.95. 

Dr. Williams is director of the 
Behavioral Medicine Research 
Center at Duke University. He has E y 
linked certain kinds of type A behavior, stich as "hostility 
and rage, with cardiac disease, and he maintains that 
these harmful traits can be separated from positive as- 
pects of type A personality such as ambition, high energy 
and enthusiasm, thereby rendering the type A person 
even healthier than the placid type B counterpart. 

9. Francis GS, Alpert JS, editors. Modern Coronary 
Care. Boston: Little, Brown and Co., 1990:797, $95.00. 

This book by an array of distinguished cardiologists 
provides a huge amount of information on acute myocar- 
dial infarction and how to manage it. 

10. Julian DG, Kubler W, Norris RM, Swan HJ, 
Collen D, Verstraete M, editors. Thrombolysis in 
Cardiovascular Disease. New York: Marcel Dekker, 
1989:460, $79.75. 

A fine update on a rapidly changing topic. 

11. Franklin BA, Gordon S, Timmis GC, editors. 
Exercise in Modern Medicine. Baltimore: Williams & 
Wilkins, 1989:300, $42.95. 

Although there are numerous books on exercise test- 
ing and training for presumably healthy adults and cardi- 
ac patients, this one is comprehensive and includes re- 
quirements of special patient populations such as those 
with peripheral vascular disease, diabetes mellitus, end- 
stage renal disease, severe obesity, chronic obstructive 
pulmonary disease, asthma, cystic fibrosis, healthy elder- 
ly subjects, wheel chair-dependent patients and pregnan- 
cy. 

12. Pepine CJ, Hill JA, Lambert CR, editors. Diag- 
nostic and Therapeutic Cardiac Catheterization. Balti- 
more: Williams & Wilkins, 1989:612, $69.50. 

13. Miller G. Invasive Investigation of the Heart. A 
Guide to Cardiac Cathertisation and Related Proce- 
dures. Oxford: Blackwell Scientific Publications, 
1989:496, $160.00. 

14. Leachman DR, Leachman RD. Coronary and 
Peripheral Angiography and Angioplasty. Philadelphia: 
JB Lippincott, 1989:149, $34.50. 

Although the Miller book is beautifully prepared, its 
cost is prohibitive (because it was published abroad). The 
Pepine book is superb, fully packed, and very reasonable 
in view of its 612 pages, 19% more than in the Miller 
book. It will give the Grossman book (1986, third edition) 
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on this subject a run for its money. The Pepine book has 
180 pages on specific clinical states, and their assessment 
and intervention by catheter techniques. The book dis- 
cusses how noninvasive data and results of clinical trials 
may supplement or replace catheterization. One chapter 
deals with radiographic contrast agents. This book should 
be useful both to those who do catheterizations and to 
those who refer patients for these procedures. The Leach- 
man father-and-son book is a handy practical guide. 

15. Topol EJ, editor. Textbook of Interventional Car- 
diology. Philadelphia: WB Saunders Co., 1990:954, 
$95.00. 

16. Kapoor AS, editor. Interventional Cardiology. 
New York: Springer-Verlag, 1989:415, $99.00. 

Two books of nearly similar price but the Topol book 
contains over twice the amount of information as the 
Kapoor book. The Topol book is the best so far on this 
rapidly changing subject. 

17. Schoen FJ. Interventional and Surgical Cardio- 
vascular Pathology. Clinical Correlations and Basic 
Principles. Philadelphia: WB Saunders, 1989:410, 
$82.35. 

This good book focuses on morphologic features of 
hearts that had been subjected to interventional (opera- 
tive or nonoperative) procedures. It contains 3,267 refer- 
ences in its 9 chapters, all but 1 of which is written by 
Schoen. 

18. Laragh JH, Brenner BM, editors. Hypertension, 
Pathophysiology, Diagnosis, and Management. Volumes 
I and II, New York: Raven Press, 1990:2,436, $295.00. 

Almost surely this is the most comprehensive book 
published on systemic hypertension. If it is not in these 2 
volumes, the information must not be available. 

19. Schamroth L. The 12 Lead Electrocardiogram. 
In 2 books. Oxford: Blackwell Scientific Publications, 
1989:848, $199.00. 

20. Dunn MI, Lipman BS. Lipman-Massie Clinical 
Electrocardiography. Eighth edition. Chicago: Year 
Book Medical Publishers, Inc., 1989:620, $64.95. 

21. Fisch C. Electrocardiography of Arrhythmias. 
Philadelphia: Lea & Febiger, 1990:451, $49.50. 

Schamroth’s comprehensive texts deal exclusively 
with 12-lead contour analysis and do not include abnor- 
mal heart rhythms. It is the magnum opus of the late Leo 
Schamroth. It is divided in 4 major divisions: genesis of 
the normal and abnormal electrocardiogram; acquired 
heart disease; congenital and hereditary heart disease; 
and electrocardiographic case studies. The latter consti- 
tute most of book 2. 

The Dunn-Lipman book began in 1951 as Clinical 
Unipolar Electrocardiography. The present title is the 
fourth this book has carried. This edition is the first to 
have references after each chapter. This book reminds me 
of Grant’s wonderful electrocardiography book published 
in the 1950s. 

Charles Fisch has focused his professional life on the 
electrocardiography of arrhythmias, and taught this sub- 
ject to literally thousands of physicians. His long overdue 
book, which encompasses nearly all arrhythmias, focuses 


on mechanisms and electrocardiographic concepts rather 
than definition and classification. It includes 451 figures, 
and nearly all are electrocardiographic tracings recorded 
from the body’s surface. The tracings and their explana- 
tions are the essence of this fine book. 

22. St. John Sutton M, Oldershaw PJ, editors. Text- 
book of Adult and Pediatric Echocardiography and 
Doppler. Boston: Blackwell Scientific Publications, 
1989:880, $110.00. 

23. Hagan AD, DeMaria AN. Clinical Applications 
of Two-Dimensional Echocardiography and Cardiac 
Doppler, Second edition. Boston: Little, Brown and Com- 
pany, 1989:556, $75.00. 

24. Schapira JN, Harold JG, editors. Two-Dimen- 
sional Echocardiography and Cardiac Doppler, Second 
edition. Baltimore: Williams & Wilkins, 1990:670, 
$99.50. 

25. Atlee JL III. Perioperative Cardiac Dysrhyth- 
mias: Mechanisms, Recognition, Management, Second 
edition. Chicago: Year Book, 1990:443, $69.95. 

The St. John Sutton book is comprehensive and con- 
tains much information for the money. On the other 
hand, it includes both congenital and acquired heart dis- 
eases, and those interested in one may not be so interested 
in the other. The Hagan and DeMaria book also is of high 
quality. The Atlee book, written by an anesthesiologist, 
focuses on cardiac arrhythmias occurring in the operating 
room or recovery room or in the surgical intensive care 
unit. This book could use more illustrations. 

26. Nanda NC. Atlas of Color Doppler Echocardiog- 
raphy. Philadelphia: Lea & Febiger, 1989:544, $135.00. 

27. Nanda NC, editor. Textbook of Color Doppler 
Echocardiography. Philadelphia: Lea & Febiger, 
1989:359, $110.00. 

28. Gura GM Jr. Video Atlas of Two-Dimensional 
Color Flow Doppler Echocardiography. Boston: Little, 
Brown and Co., 1989:180, $250.00. 

29. Maurer G, Mohl W, editors. Echocardiography 
and Doppler in Cardiac Surgery. New York: Igaku- 
Shoin, 1989:355, $97.50. 

The Nanda Atlas encompasses Nanda’s experience 
with Doppler flow imaging for nearly 5 years. The various 
types of flow patterns seen in both acquired and congeni- 
tal cardiac disease are seen in over 1,600 anatomic and 
color Doppler illustrations and they represent the most 
detailed, definitive and comprehensive work in this field 
to date. The Textbook is a companion to the Atlas. It 
includes 32 chapters and an appendix written by well- 
recognized authorities. A Video Tape of Color Doppler 
Echocardiography of about 2 hours length was also pre- 
pared by Nanda to supplement both the Atlas and the 
Textbook. 

The Gura and accompanying 2 videos occupying 2.5 
hours feature 50 case studies. The excellent color prints 
are shown in more detail in video. 

30. Erbel R, Khandheria BK, Brennecke R, Meyer J, 


Seward JB, Tajik AJ, editors. Transesophageal Echo-- "T 
cardiography. A New Window to the Heart. ee on 


Springler-Verlag, 1989:360, $112.50. 
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This book comprises proceedings of a symposium. 
Methods, technique, anatomic correlation and future ap- 
plications are discussed by recognized experts. The book 
is Overpriced and disappointing. 

31. Gray RJ, Matloff JM, editors. Medical Manage- 
ment of the Cardiac Surgical Patient. Baltimore: Wil- 
liams & Wilkins, 1990:378, $52.95. 

32. Bojar RM with Murphy RE, Payne DD, Diehl JT. 
Manual of Perioperative Care in Cardiac and Thoracic 
Surgery. Boston: Blackwell Scientific Publications, 
1989:381, $27.50. 

Although both books are useful, I prefer the Gray and 
Matloff one. The price of the Bojar book is nice. 

33. Edmunds LH Jr, Norwood WI, Low DW. Atlas 
of Cardiothoracic Surgery. Philadelphia: Lea & Febiger, 
1990:287, $125.00. 

One page of illustrations by Dr. Low are presented in 
apposition to a page of print. 

34. Ebert PA. Atlas of Congenital Cardiac Surgery. 
New York: Churchill Livingstone, 1989:138, $125.00. 

A great surgeon, Paul Ebert, and a great illustrator, 
Leon Schlossberg, combine to produce a beautiful book. 
The page space could have been better utilized. 

35. Hopkins RA. Cardiac Reconstructions with Allo- 
graft Valves. New York: Springer-Verlag, 1989:194, 
$125.00. 

Although allograft cardiovascular tissues have a num- 
ber of applications, the focus of this volume is on valved 
ventricular outflow tract reconstructions. This book, 
which is beautifully illustrated, is a “how-to” guide for 
surgeons in using allograft valves and conduits in cardiac 
reconstructions. It will not be a big seller but it is nicely 
done. 

36. Milnor WR. Hemodynamics, Second edition. Bal- 
timore: Williams & Wilkins, 1989:419, $74.95. 
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This book is concerned with the forces generated by 
the heart and the resulting motion of blood through the 
cardiovascular system. This book is “heavy” for most 
cardiologists because physicists and mathematicians have 
contributed to it equally with physicians and physiolo- 
gists. 

37. Camilleri J-P, Berry CL, Fiessinger J-N, Bariety 
J, editors. Diseases of the Arterial Wall. London: Spring- 
er-Verlag, 1989 (English edition): 693, $370.50. 

The French edition of this book was published in 
1987, and the English translation in 1989. This English 
edition is a nice heavy book, but it should be. It is the most 
expensive newly published medical text I have ever seen. 

38. Freedom RM. Pulmonary Atresia with Intact 
Ventricular Septum. Mount Kisco, New York: Futura, 
1989:262, $55.00. 

This book includes 19 chapters, 18 of which are writ- 
ten or cowritten by Bob Freedom. One can question 
whether a defect that makes up <1% of all major congen- 
ital cardiac anomalies deserves a separate book, but if 
information on this defect is desired, here it is. 

39. Roberts WC, editor, Mason DT, Rackley CE, 
Willerson JT, Graham TP Jr, Karp RB. Cardiology 
1989. Boston: Butterworths, 1989:523, $60.00. 

Of course I could be biased but Cardiology 1989 is 
really a good book. Articles on the same subject are 
placed together. A total of 824 articles are summarized 
and supplemented by 166 figures and 68 tables. 


(When. C ES 


William Clifford Roberts, MD 
Editor in Chief 
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TENORMIN reduces more than just painful myocardial 
ischemia. It reduces painless ischemia as well. Alone or in 
combination regimens, it lowers the total ischemic burden* 
and reduces the need for PRN nitroglycerin." 

*The sum of painful and painless episodes. 


In Angina 
ONE TABLET A DAY 


ENORMIN 


(atenolol) 


E} 
PROTECTS TH E H EART. > See adjacent page for brief summary of prescribing information. 
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ONE TABLET A DAY 


ORMIN &. 
(arenolol) 


Protects THe HEART > 
FROM PAINFUL AND PAINLESS ISCHEMIA. 






A beta,-selective (cardioselective) blocking agent. 


DESCRIPTION: TENORMIN (atenolol), a synthetic, beta;-selective (cardioselective) adrenoreceptor 
blocking agent, may be chemically described as benzeneacetamide, 4-[2’-hydroxy-3’-{(1-methyl- 
ethyl) amino] propoxy]-. Atenolo! (free base) has a molecular weight of 266. It is a relatively polar 
hydrophilic compound with a water solubility of 26.5 mg/mL at 37°C and a log partition coefficient 
(octanol/water) of 0.23. It is freely soluble in 1N HCI (300 mg/mL at 25° C) and less soluble in 
chloroform (3 mg/mL at 25°C). 

TENORMIN is available as 50 mg and 100 mg tablets for oral administration. 

apoie wigredients: magnesium stearate, microcrystalline cellulose, povidone, sodium starch 

ycolate. 
INDICATIONS AND USAGE: Hypertension: TENORMIN is indicated in the management of 
hypertension. It may be used alone or concomitantly with other antihypertensive agents, particularly 
with a thiazide-type diuretic 

Angina Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term 

be ete of patients with angina pectoris. 
co NDICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater 
than first degree, cardiogenic shock, and overt cardiac failure. (See WARNINGS.) 
WARNINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory 
function in congestive heart failure, and beta blockade carries the potential hazard of further 
depressing myocardial contractility and precipitating more severe failure. In hypertensive patients who 
have congestive heart failure controlled by digitalis and diuretics, TENORMIN should be administered 
cautiously. Both digitalis and atenolol slow AV conduction 

in Patients Without a History of Cardiac Failure: Continued depression of the myocardium with 
beta-blocking agents over a period of time can, in some Cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients should be fully digitalized and/or be given a 
diuretic and the response observed closely. If cardiac failure continues despite adequate digitali- 
zation and diuresis, TENORMIN should be withdrawn. (See Dosage and Administration ) 


Cessation of Tereny With TENORMIN: Patients with coronary artery disease, who are being 
treated with TENORMIN, should be advised against abrupt discontinuation of therapy. Severe 
exacerbation of angina and the occurrence of myocardial infarction and ventricular arrhythmias 
have been reported in angina patients following the abrupt discontinuation of therapy with other 
beta blockers. The last two complications may occur with or without preceding exacerbation of 
the angina pectoris. To date, there has been no report of myocardial infarction or severe angina 
upon withdrawal of TENORMIN, probably due to its long plasma half-life Because of the 
problems encountered with other beta blockers, when discontinuation of TENORMIN is planned, 
the patients should be carefully observed and advised to limit physical activity to a minimum. If 
the angina worsens or acute coronary insufficiency develops, it is recommended that 
TENORMIN be promptly reinstituted, at least temporarily. (See Dosage and Administration.) 


Bronchospastic Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
GENERAL, NOT RECEIVE BETA BLOCKERS. Because of its relative beta, selectivity, however, 
TENORMIN may be used with caution in nts with bronchospastic disease who do not 

to, or cannot tolerate, other antihypertensive treatment. Since beta, selectivity is not 



















absolute, the lowest possible dose of TENORMIN should be used with thera initiated at 

50 mg, and a beta,-stimulating a (bronchodilator) should be made available. If dosage 

pu be increased, dividing the should be con in order to achieve lower peak 
s. 


Anesthesia and Major Surgery: As with all beta-receptor blocking drugs it may be decided to 
withdraw TENORMIN before surgery. In this case, 48 hours should be allowed to elapse between the 
last dose and anesthesia. If treatment is continued, care should be taken when using anesthetic 
agents which depress the myocardium such as ether, cyclopropane, and trichloroethylene 

TENORMIN. like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its 
effects on the heart can be reversed by administration of such agents (eg, dobutamine or isoproterenol 
with caution—see section on Overdosage). Manifestations of excessive vagal tone (eg, profound 
bradycardia, hypotension) may be corrected with atropine (1-2 mg IV). 

Diabetes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients ifa 
beta-blocking agent is required. Beta blockers may mask tachycardia occurring with hypoglycemia, 
but other manifestations such as dizziness and sweating may not be significantly affected 
TENORMIN does not potentiate insulin-induced hypoglycemia and, unlike nonselective beta 
blockers, does not delay recovery of blood glucose to normal levels 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain clinical signs (eg, tachycardia) of 
hyperthyroidism. Abrupt withdrawal of beta blockade might precipitate a thyroid storm; therefore, 
patients suspected of developing thyrotoxicosis from whom TENORMIN therapy is to be withdrawn 
should be monitored closely. (See Dosage and Administration.) 

PRECAUTIONS: Impaired Renal Function: The drug should be used with caution in patients with 
impaired renal function. (See Dosage and Administration.) 

Interactions: Catecholamine-depleting drugs (eg, reserpine) may have an additive effect 
when given with beta-blocking agents. Patients treated with TENORMIN plus a catecholamine 
depletor should therefore be closely observed for evidence of hypotension and/or marked 
bradycardia which may produce vertigo, syncope, or postural hypotension. 

Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine 
se hla the beta blocker should be discontinued several days before the gradua! withdrawal of 
clonidine. 

Carcinogenesis, M is, impairment of Fertility: Two long-term (maximum dosing duration 
of 18 or 24 months) rat studies and one long-term (maximum dosing duration of 18 months) mouse 
study, each employing dose levels as high as 300 mg/kg/day or 150 times the maximum 
recommended human dose, did not indicate a carcinogenic potential in rodents. Results of various 
mutagenicity studies support this finding. 

Fertility of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the 
maximum recommended human dose) was unaffected by atenolol administration. 

Animal Toxicology: Chronic studies performed in animals have revealed the occurrence of 
vacuolation of epithelial cells of Brunner's glands in the duodenum of both male and female dogs at all 
tested dose levels of atenolol (starting at 15 mg/kg/day or 7.5 times the maximum recommended 
human dose), and increased incidence of atrial degeneration of hearts of male rats at 300 mg but not 
150 Ne day U59 and 75 times the maximum recommended human dose, respectively). 
USAGE IN PREGNANCY: Pregnancy Category C. Atenolol has been shown to produce a dose- 
related increase in embryo/fetal resorptions in rats at doses equal to or greater than 50 mg/kg/day or 
25 or more times the maximum recommended human dose. Although similar effects were not seen in 
rabbits, the compound was not evaluated in rabbits at doses above 25 mg/kg/day or 12.5 times the 
maximum recommended human dose. There are no adequate and well-controlled studies in pregnant 
women. TENORMIN should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 

Nursing Mothers: Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8 when compared 
to the concentration in plasma. Caution should be exercised when TENORMIN is administered to a 


nursing woman. 
Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient. Figauency ertmes 
were derived from controlled studies in which adverse reactions were either volunteered by the patient 
(US studies) or elicited, eg, by checklist (foreign studies). The reported frequency of elicited adverse 
effects was higher for both TENORMIN (atenolol) and placebo-treated patients than when these _ 
reactions were volunteered. Where frequency of adverse effects for TENORMIN and placebo is similar, 
causal relationship to TENORMIN is uncertain. , 

The following adverse-reaction data present frequency estimates in terms of percentages: first from 
the US studies (volunteered side effects) and then from both US and foreign studies (volunteered and 
elicited side effects): 4 

US STUDIES (% ATENOLOL-% PLACEBO): J 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (0%-0.5%), postural hypotension 
(2%-1%), leg pain (0%-0.5%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (4%-1%), vertigo (2%-0.5%), 
lightheadedness (1%-0%), tiredness (0.6%-0.5%), fatigue (3%-1%), lethargy (1%-0%), drowsiness 
(0.6%-0%), depression (0.6%-0.5%), dreaming (0%-0%) 

GASTROINTESTINAL: diarrhea (2%-0%), nausea (4%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (0%-0%), dyspnea (0.6%-1%) 

TOTALS US AND FOREIGN STUDIES: 

CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (12%-5%), postural hypotension 
(4%-5%), leg pain (3%-1%) 

CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (13%-6%), vertigo (2%-0.2%), 
lightheadedness (3%-0.7%), tiredness (26%-13%), fatigue (6%-5%), lethargy (3%-0.7%), drowsiness 
(2%-0.5%), depression (12%-9%), dreaming (3%-1%) 

GASTROINTESTINAL: diarrhea (3%-2%), nausea (3%-1%) 

RESPIRATORY (see WARNINGS): wheeziness (3%-3%), dyspnea (6%-4%) 

MISCELLANEOUS: There have been reports of skin rashes and/or dry eyes associated with the use 
of beta-adrenergic blocking drugs. The reported incidence is small and, in most cases, the symptoms 
have cleared when treatment was withdrawn. Discontinuance of the drug should be considered if an 
such reaction is not otherwise explicable. Patients should be closely monitored following cessation o 
therapy. 

POTENTIAL ADVERSE EFFECTS: In addition, a variety of adverse effects have been reported with 
other beta-adrenergic blocking agents, and may be considered potential adverse effects of 
TENORMIN. 

HEMATOLOGIC: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

ALLERGIC: Fever, combined with aching and sore throat, laryngospasm, and respiratory distress. 

CENTRAL NERVOUS SYSTEM: Reversible mental depression progressing to catatonia, visual 
disturbances, hallucinations, an acute reversible syndrome characterized by disorientation of time 
and place, short-term memory loss, emotional lability with slightly clouded sensorium, decreased 
performance on neuropsychometrics. 

GASTROINTESTINAL: Mesenteric arterial thrombosis, ischemic colitis. 

OTHER: Reversible alopecia, Peyronie's disease, erythematous rash, Raynaud's phenomenon. 

MISCELLANEOUS: The oculomucocutaneous syndrome associated with the beta blocker practolol ' 
has not been reported with TENORMIN during investigational use and foreign marketing experience. 
Furthermore, a number of patients who had previously demonstrated established practolol reactions 
were transferred to TENORMIN therapy with subsequent resolution or quiescence of the reaction. 
OVERDOSAGE: To date. there is no known case of acute overdosage, and no specific information on 
emergency treatment of overdosage is available. The most common effects expected with overdosage 
of a beta-adrenergic blocking agent are bradycardia, congestive heart failure, hypotension, 
bronchospasm, and hypoglycemia. 

in the case of overdosage, treatment with TENORMIN should be stopped and the patient carefully 
observed. TENORMIN can be removed from the general circulation by hemodialysis. In addition to 
gastric lavage, the following therapeutic measures are suggested if warranted: 

BRADYCARDIA: Atropine or another anticholinergic drug. 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacemaker. 

CONGESTIVE HEART FAILURE: Conventional therapy. 

HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephrine rather than isoproterenol! 
or norepinephrine may be useful in addition to atropine and digitalis. 

BRONCHOSPASM: Aminophylline, isoproterenol, or atropine. 

HYPOGLYCEMIA: Intravenous glucose. 

DOSAGE AND ADMINISTRATION: Hy : The initial dose of TENORMIN is 50 mg given as 
one tablet a day either alone or added to diuretic therapy. The full effect of this dose will usually be 
seen within 1 to 2 weeks. If an optimal response is not achieved, the dosage should be increased to 
TENORMIN 100 mg given as one tablet a day. Increasing the dosage beyond 100 mg a day is unlikely 
to produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including 
thiazide-type diuretics, hydralazine, prazosin, and alpha-methyldopa. 

Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. If an optimal 
response is not achieved within 1 week, the dosage should be increased to TENORMIN 100 mg given 
as one tablet a day. Some patients may require a dosage of 200 mg once a day for optimal effect. 

Twenty-four-hour control with once-daily dosing is achieved by giving doses larger than necessary 
to achieve an immediate maximum effect. The maximum early effect on exercise tolerance occurs 
with doses of 50 to 100 mg, but at these doses the effect at 24 hours is attenuated, averaging about 
50% to 75% of that observed with once-a-day oral doses of 200 mg. 

Patients with Renal Impairment: Since TENORMIN is excreted via the kidneys, dosage 
should be adjusted in cases of severe impairment of renal function. No significant accumulation of 
TENORMIN occurs until creatinine clearance falls below 35 mL/min/1,73 m2 (normal range is 
100-150 mL/min/1.73 m2); therefore, the following maximum dosages are recommended 
for patients with renal impairment: 


Creatinine Clearance Atenolo! 
(mL/min/1.73 m2) Elimination Half-life (h) Maximum Dosage 
15-35 16-27 50 mg daily 
<15 >27 50 mg every other day 


Patients on hemodialysis should be given 50 mg after each dialysis; this should be done under 
hospital supervision as marked falls in blood pressure can occur. 

Cessation of Therapy: lf withdrawal of TENORMIN therapy is planned, it should be achieved 
gradually over a period of about 2 weeks. Patients should be carefully observed and advised to limit 
prysicay activi o a minimum. 3 
, | SUPPLIED: Tablets of 50 mg atenolol, NDC 0310-0105 (round, flat, uncoated white tablets _ 
identified with ICI debossed on one side and 105 debossed on the other side, bisected) are supplied 
in bottles of 100 tablets and unit-dose packages of 100 tablets. ? . ee 

Tablets of 100 mg atenolol, NDC 0310-0101 (round, flat. uncoated white tablets identified with ICI 
debossed on one side and 101 debossed on the other side) are supplied in bottles of 100 tablets and 
unit-dose packages of 100 tablets 

Protect from heat, light, and moisture. 

A/11/86 


References: 1. Quyyumi AA, Crake T, Wright CM, et al: Medical treatment of patients with severe 
exertional and rest angina: Double blind comparison of beta blocker, calcium antagonist, and nitrate. 
Br Heart J 1987;57:501-511. 2. Findlay IN, Dargie HJ: The effects of nifedipine, atenolol and that 
combination on left ventricular function. Postgrad Med J 1983;59(suppl 2 -70-73. 3. Schwartz JB: 
Atenolol in the treatment of angina: Once daily cardioselective B-blockade for angina pectoris. Drugs 
1983;25(suppl 2):160-165. 
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Instructions to Authors 


Manuscripts are received with the understanding that they are sub- 
mitted solely to THE AMERICAN JOURNAL OF CARDIOLO- 
GY, that upon submission, they become the property of the Pub- 
lisher, that the work has not been previously published, and that 
the data in the manuscript have been reviewed by all authors, who 
agree with the analysis of the data and the conclusions reached in 
the manuscript. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced 
without the written permission of the Publisher. Statements in arti- 
cles are the responsibility of the authors. 

ADDRESS MANUSCRIPTS TO: William C. Roberts, MD, Editor 
in Chief, THE AMERICAN JOURNAL OF CARDIOLOGY, 
7960 Old Georgetown Road, Suite 2C, Bethesda, Maryland 20814. 
Please include the corresponding author’s phone number. The cover 
letter should state precisely and concisely the significance and 
uniqueness of the work in the authors’ view. The authors may state 
the extent of any concessions they are readily prepared to make 
(for example, the elimination of 1 or more figures or tables or a 
portion of the text) to increase the likelihood of publication of their 
work in the Journal. Several names and addresses should be pro- 
vided of nonlocal experts who, in the authors’ view, could provide 
objective and informed reviews of their work. The names of investi- 
gators considered unlikely by the authors to give nonbiased reviews 
of their work also may be submitted. This request is honored. 

Submit 3 copies (1 original and 2 copies) of the entire manu- 
script including text, references, figures, legends and tables. Study 
recent past issues of the Journal for format. Arrange the paper as 
follows: (1) title page, which should include the title, the full names 
and academic degrees of the authors, and the institution and city 
and state or city and country from which the work originated; (2) 
second title page, with only the title of the article (page not num- 
bered); (3) abstract; (4) text; (5) acknowledgment; (6) references; 
(7) figure legends; (8) miniabstract for Table of Contents that in- 
cludes the full title and names (without academic degrees) of the 
authors (page not numbered); and (9) tables. Number the title 
page as 1, abstract page as 2, and so forth. (Leave the second title 
page and the miniabstract page unnumbered.) Type on 22 X 28 cm 
(8.5 X 11 inch) paper, on 1 side only of each sheet, double-spaced 
(including references) with at least 25-mm (1-inch) margins. 

The second title page, on which the names and institutions of the 
authors are omitted, gives the Editor in Chief the option of acquir- 
ing blinded or nonblinded reviews. References to the institution in 
the text or to the author’s previous work in the Reference section 
must be deleted or written in a manner that prevents identification 
of the authors and the institution. Label figures with the manu- 
~ script title rather than the authors’ names so that blinded reviews 
can be solicited. The authors should state which type of review they 
wish in the cover letter; this request is honored. 

TITLE PAGE, TABLE OF CONTENTS, ABSTRACT AND MINI- 
ABSTRACT: For the complete title page, include the full first or 
middle and last names of all authors. Provide a short running title 
of 3 to 6 words. List the institution and address from which the 
work originated, and provide information about grant support if 
necessary. If the work described is supported by a grant from a 
pharmaceutical company, that fact should be stated on the title 
page. Add at the bottom the phrase, “Address for reprints:’’ fol- 
lowed by full name and address with zip code. Limit the abstract to 
250 words and the Table of Contents miniabstract to 150 words. 
List 2 to 6 key words for subject indexing at the end of the abstract. 

STYLE: Use appropriate subheadings throughout the body of the 
text, such as the Methods, Results and Discussion. Abbreviations 
are permitted, but no more than 3 per manuscript, and then they 
must be used on every page of the manuscript after they are initial- 
ly spelled out (followed by the abbreviation) in both abstract and 
introduction. Use generic names of drugs. Do not spell out any 
number, including those less than 10, except when used for opening 
a sentence, but try not to begin sentences with numbers. Use sym- 
bols for less than (<), greater than (>) and percent (%). Indent for 
paragraphs except the first one in both abstract and introduction. 
Consult the Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals, published in The Annals of Internal Medicine 
June 1982;96:766-771, and also the Stylebook/Editorial Manual 
of the American Medical Association. 


REFERENCES: List all authors, year, volume and inclusive pages 
for all journal references, and specific page numbers for all book 
references as shown below. Avoid referencing abstracts, but if they 
are used, indicate them as such by the abbreviation (abstr) after 
the title. Do not use periods after authors’ initials or after abbrevia- 
tions for titles of journals. Check Index Medicus or Annals of In- 
ternal Medicine (June 1982) as cited above for journal titles and 
abbreviations. Personal communications, unpublished observations 
and manuscripts submitted but not yet accepted for publication do 
not constitute references. 

Journal: Harvey W, Heberden W, Withering W, Stokes W, 

Murrell W, Einthoven W, Osler W. Anomalies and curiosities 

of cardiology and of cardiologists. Reflections of famous med- 

ical Williams. Am J Cardiol 1984;53:900-915. 

Chapter in Book: Cabot RC, White PD, Taussig HB, Levine 

SA, Wood P, Friedberg CK, Nadas AS, Hurst JW, Braun- 

wald E. How to write cardiologic textbooks. In: Hope JA, ed. 

A Treatise on Disease of the Heart and Great Vessels. Lon- 

don: Yorke Medical Books, 1984:175-200. 

Book: Carrel A, Cutler EC, Gross RE, Blalock A, Craffoord 

C, Brock RC, Bailey CP, DeBakey ME. The Closing of 

Holes, Replacing of Valves and Inserting of Pipes, or How 

Cardiovascular Surgeons Deal with Knives, Knaves and 

Knots. New York: Yorke University Press, 1984:903. 

FIGURES: Submit 3 glossy unmounted prints of each photograph 
and drawing. Artwork of published articles will not be returned 
unless requested. Use black ink for all charts (line drawings). Make 
decimals, broken lines and so on clear enough for reproduction. Use 
arrows to designate special features. Crop photographs to show 
only essential fields. Identify figures on back by title of the article; 
omit the authors’ names so that blinded reviews can be obtained. 
Number figures in the order in which they are mentioned in the 
text. Indicate the top of each figure. Submit written permission 
from the publisher and author to reproduce any previously pub- 
lished figures. Limit figures to the number necessary to present the 
message clearly. Type figure legends on a separate page, double- 
spaced. Identify at the end of each legend and in alphabetical order 
all abbreviations in the figure. The cost of color reproduction must 
be paid by the author. 

TABLES: Place each table on a separate page, typed double- 
spaced. Number each table in Roman numerals (Table I, II, etc.) 
and title each table. Identify in alphabetical order at the bottom of 
the table all abbreviations used. When tabulating numbers of pa- 
tients, use no more than 2 lines, preferably only 1 line, per patient. 
Use a plus sign (+) to indicate “positive” or “present,” a zero (0) 
for “negative” or “absent,” and dash (—) for “no information 
available” or “not done.” Do not use “yes” or “no” or “more.” 

BRIEF REPORTS and CASE REPORTS: Brief Reports and Case 
Reports must be limited to no more than 4 text pages (including 
the title page) and 6 references. Longer ones may be returned with- 
out review. Neither an abstract nor a Table of Contents miniab- 
stract is required for a Brief or a Case Report. Subheadings are not 
used. 

LETTERS (for Publication): The author who submits a letter for 
consideration for publication should provide a cover letter on his/ 
her own stationery to the Editor in Chief stating why the letter 
should be published. The letter (as well as references) for consider- 
ation for publication should be typed, double-spaced, on a separate 
sheet of plain white paper and limited, with few exceptions, to 2 
pages. The original and 2 copies should be submitted. A title for 
the letter should be provided at the top of the page. At the end of 
the letter, the writer’s full name and city and state (or country if 
outside the US) should be provided. The author’s title and institu- 
tion should not be included. The word “References” does not ap- 
pear above the list of references in published letters. A letter con- 
cerning a particular article in the Journal must be received (from 
authors within the US) within 2 months of the article’s publication. 

REPRINTS: Price schedules and order cards for reprints are 
mailed to the author upon publication of the article. Individual re- 
prints must be obtained through the author. ; 

PERMISSIONS: Permission to reproduce figures published in the 
Journal is obtained by writing to: THE AMERICAN JOURNAL 
OF CARDIOLOGY, 249 West 17th St., New York, NY 10011. 
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CARDIOLOGISTS. Needed immediately to join expand- 
ing multispecialty group. Practice in Las Vegas, Nevada. 
This is an excellent opportunity in a growing area (popu- 
lation 600,000+). Fee for service and prepaid health 
care. Must be board certified and have experience in all 
aspects of invasive and non-invasive studies. Position 


offers excellent compensation and benefits package, in- 
cluding paid malpractice, stock option and relocation 
expenses. Interested individuals should submit curricu- 
lum vitae in confidence to: Southwest Medical Asso- 
ciates, Attn: Janet R. McGee, Manager, Physician Re- 
cruitment, P.O. Box 15645, Las Vegas, NV 89114-5645. 





THE CONTINENTAL—Professional Co-op office space FOR 
SALE. 70-20 108 St. Premier, prestigious building in the Heart 
of FOREST HILLS, Qns, NY. Superb location. Subwy & busses 
at your door. 24 hour attended garage, cent A/C, separate pro- 
fessional wing. 1600 S.F. will sub-divide. Call: Mr. Marvin 
Weingart, 718-793-1081. 


CARDIOLOGIST—BC/BE sought to join a large hospital based 
multispecialty clinic. University affiliated residency program. 
Excellent fringe benefits. Competitive salary. California li- 
cense required. Send CV to Aung-Win Chiong, MD, The Per- 
manente Medical Group, Inc., 2026 Morse Avenue, Sacramen- 
to, CA 95825. EOE. 


ACADEMIC ECHOCARDIOGRAPHER—Position available for a 
full-time echocardiographer in a busy, state-of-the-art, university 
laboratory at an Assistant Professor level. Expertise in trans- 
esophageal procedures and desire to do research and publish are 
essential. Interest in exercise echocardiography is desirable. Send 
CV to Gary S. Mintz MD, Director, Cardiac Ultrasound Laboratory, 
Hahnemann University Hospital, Philadelphia, PA 19102. 
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Tablets 
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Prefilled Syringes 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 

Hypertension 

Lopressor tablets are indicated for the treatment of hyperten- 
sion. They may be used alone or in combination with other 
antihypertensive agents. 

Angina Pectoris 

Lopressor is indicated in the long-term treatment of angina 
pectoris. 

Myocardial Infarction eo 
Lopressor ampuls, prefilled syringes, and tablets are indicated 
in the treatment of hemodynamically stable patients with defi- 
nite or suspected acute myocardial infarction to reduce cardio- 
vascular mortality. Treatment with intravenous Lopressor can 
be initiated as soon as the patient's clinical condition allows 
(see DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, 
and mines Alternatively, treatment can begin within 

3 to 10 days of the acute event (see DOSAGE AND 
ADMINISTRATION). 


CONTRAINDICATIONS 

Hypertension and Angina 

Lopressor is contraindicated in sinus bradycardia, heart block 
«en than first degree, cardiogenic shock, and overt cardiac 
ailure (see WARNINGS). 

Myocardial Infarction 

Lopressor is contraindicated in patients with a heart rate 

< 45 beats/min; second- and third-degree heart block; signifi- 
cant first-degree heart block (P-R interval = 0.24 sec); systolic 
blood pressure < 100 mmHg; or moderate-to-severe cardiac 
failure (see WARNINGS). 


WARNINGS 

Hypertension and Angina l 

Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing 
myocardial contractility and precipitating more severe failure. 
In hypertensive and angina patients who have congestive heart 
failure controlled by digitalis and diuretics, Lopressor should 
be administered cautiously. Both digitalis and Lopressor slow 
AV conduction. 

In Patients Without a History of Cardiac Failure: Continuec 
depression of the myocardium with beta-blocking agents over 
a period of time can, in some cases, lead to cardiac failure. At 
the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized and/or given a diuretic. The response 
should be observed closely. If cardiac failure continues, de- 
_ adequate digitalization and diuretic therapy, Lopressor 
should be withdrawn. 


Ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-blocking agents, exacerbations 
of angina pectoris and, in some cases, myocardial infarc- 
tion have occurred. When discontinuing chronically 
administered Lopressor, particularly in patients with isch- 
emic heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient should 
be carefully monitored. If angina markedly worsens or 
acute et insufficiency develops, Lopressor admin- 
istration should be reinstated promptly, at least tem- 
porarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients should 
be warned against interruption or discontinuation of 
therapy without the physician's advice. Because coronary 
artery disease is common and may be unrecognized, it 
may be prudent not to discontinue Lopressor therapy 
abruptly even in patients treated only for hypertension. 


Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
however, Lopressor may be used with caution in patients with 
bronchospastic disease who do not respond to, or cannot 
tolerate, other antihypertensive treatment. Since beta, se- 
lectivity is not absolute, a beta,-stimulating agent should be 
administered orp aig | and the lowest possible dose of 
Lopressor should be used. In these circumstances it would 
be prudent por to administer Lopressor in smaller doses 
three times daily, instead of larger doses two times daily, to 
avoid the higher plasma levels associated with the longer 
dosing interval. (See DOSAGE AND ADMINISTRATION. ) 

Major Surgery: The necessity or desirability of withdrawing 
beta-blocking therapy prior to major surgery is controversial; 
the impaired ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks of general anesthesia and sur- 
gical procedures. 

Lopressor, like other beta blockers, is a competitive inhibitor 
of beta-receptor agonists, and its effects can be reversed by 
administration of such agents, e.g., dobutamine or iso- 
proterenol. However, such patients may be subject to pro- 
tracted severe ot Aad Difficulty in restarting and main- 
taining the heart beat has also been reported with beta 
blockers. 

Diabetes and areas: ey eters should be used 
with caution in diabetic patients if a beta-blocking agent is 
required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and 
sweating may not be significantly affected. 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain 
Clinical signs iro. tachycardia) of hyperthyroidism. Patients 
suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta blockade, which 
might precipitate a thyroid storm. 

Myocardial Infarction 

Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function, and beta blockade carries the 
potential hazard of depressing myocardial contractility and pre- 
cipitating or exacerbating minimal cardiac failure. 


















During treatment with Lopressor, the hemodynamic status 
of the patient should be carefully monitored. If heart failure 
occurs or persists despite appropriate treatment, Lopressor 
should be discontinued. 

Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients; this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
ferior infarction) may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put, atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not successful, 
Lopressor should be discontinued, and cautious administration 
of isoproterenol or installation of a cardiac pacemaker should 
be considered. 

AV Block: Lopressor slows AV conduction and may produce 
significant first- (P-R interval =0.26 sec), second-, or third- 
degree heart block. Acute myocardial infarction also produces 
heart block. 

If heart block occurs, Lopressor should be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously. 
If treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered. 

Hypotension: If hypotension (systolic blood pressure 
< 90 mmHg) occurs, Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. Invasive monitoring 
of central venous, pulmonary capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents, balloon counterpulsation, or other 
treatment modalities should be instituted. If hypotension is 
associated with sinus bradycardia or AV block, treatment 
should be directed at reversing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution in patients 
with bronchospastic disease. Because it is unknown to what 
extent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. If bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta, agonist may be 
administered cautiously, depending on the clinical condition 
of the patient. Both theophylline derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 
PRECAUTIONS 
General 
Lopressor should be used with caution in patients with im- 
paired hepatic function. 

Information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following meals. 
If a dose should be missed, the patient should take only the 
next scheduled dose (without doubling it). Patients should not 
discontinue Lopressor without consulting the physician. 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determined: (2) to contact the physician if any diffi- 
culty in breathing occurs; (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Long-term studies in animals have been conducted to evaluate 
carcinogenic potential. In 2-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign 
or malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild focal accumulation of foamy mac- 
rophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. Neither ea henge symptoms of a known 
disease entity in man. In a 21-month study in Swiss albino mice 
at three oral dosage levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more frequently in 
female mice receiving the highest dose than in untreated con- 
trol animals. There was no increase in malignant or total 
(benign plus malignant) lung tumors, nor in the overall inci- 
dence of tumors or malignant tumors. This 21-month study 
was repeated in CD-1 mice, and no statistically or biologically 
significant differences were observed between treated and con- 
trol mice of either sex for any type of tumor. 

All mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic cells, a Salmonella/ 
mammalian-microsome mutagenicity test, and a nucleus 
anomaly test in somatic interphase nuclei) were negative. 

No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pregnancy Category C 

Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast milk daily would receive a 


dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
Hypertension and Angina . 
Most adverse effects have been mild and transient. . 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, night- 
mares, and insomnia have also been reported. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Cold extremities; 
arterial insufficiency, usually of the Raynaud type; palpitations; 
congestive heart failure; periphers edema; and hypotension 
have been reported in about 1 of 100 patients. (See CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS.) | 

Respiratory: Wheezing (bronchospasm) and a have 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 
100 patients. Nausea, dry mouth, gastric pain, constipation, 
flatulence, and heartburn have been reported in about 1 of 
100 patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in 
about 5 of 100 patients. Worsening of psoriasis has also been 
reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus have also been reported. 

There have been rare reports of reversible alopecia, 
agranulocytosis, and dry eyes. Discontinuation of the drug 
should be considered if any such reaction is not otherwise 
explicable. 

he oculomucocutaneous syndrome associated with the beta 
blocker practolol has not been reported with Lopressor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, hallucina- 
tions, headache, dizziness, visual disturbances, confusion, 
and reduced libido have also been reported, but a drug rela- 
tionship is not clear. 

Cardiovascular: \n the randomized comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Placebo 

Hypotension 27.4% 23.2% 
systolic BP < 90 mmHg) 

Bradycardia 15.9% 6.7% 
(heart rate < 40 beats/min) 

Second- or 4.7% 4.7% 
third-degree heart block 

First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec) 

Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a hg relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been re- 

gl with other beta-adrenergic blocking agents and should 
e considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversible mental depression pro- 
gressing to catatonia; an acute reversible syndrome character- 
ized by disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, ee te purpura. 

Hypersensitive Reactions: Fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
ai i of overdosage have been reported, some leading 
to death. 

Oral LDso's (mg/kg): mice, 1158-2460; rats, 3090-4670. 
Signs and Symptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor are bradycardia, hypotension, bronchospasm, and 
cardiac failure. 

Treatment 
There is no specific antidote 

In general, patients with acute or recent myocardial infarc- 
tion may be more hemodynamically unstable than other pa- 
tients and should be treated accordingly (see WARNINGS, Myo- 
cardial Infarction). 

On the basis of the pharmacologic actions of Lopressor, the 
following general measures should be employed: 

Elimination of the Drug: Gastric lavage should be 
performed. 

Bradycardia: Atropine should be administered. If there is no 
response to vagal blockade, isoproterenol should be adminis- 
tered cautiously. 

Hypotension: A vasopressor should be administered, e.g., 
levarterenol or dopamine. 

Bronchospasm: A beta,-stimulating agent and/or a theo- 
ag) derivative should be administered. 

ardiac Failure: A digitalis glycoside and diuretic should be 
administered. In shock resulting from inadequate cardiac con- 
tractility, administration of dobutamine, isoproterenol, or 
glucagon may be considered. 
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<35. 


mg/dL 


What’s a common 
denominator 


of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 


PARKE-DAVIS 
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Raised low HDL 25% 


—in patients whose baseline HDL was below 
35 mg/dL in the landmark Helsinki Heart Study (HHS)3 


Reduced heart attack 
incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose 
baseline HDL was below the median (464 mg/dL). Incidence 
of serious coronary events was similar for LOPID and placebo 
subgroups with baseline HDL above the median (464 mg/dL); 


Raised HDL levels 1% to 3 times 
more effectively than lovastatin 


—in a 12-week, double-blind, randomized trial among 
patients with moderate to severe hyperlipidemia. 
Lovastatin achieved greater reductions in total serum 
cholesterol than gemfibrozil in this study population 4 


RAISES HDL 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease 
(CHD) in Type IIb patients with low HDL, in addition to elevated LDL 
and triglycerides, and who have had an inadequate response to weight 
loss, diet, exercise, and other pharmacologic agents such as bile acid 
sequestrants and nicotinic acid. 


*Defined as a combination of definite coronary death and/or definite 
myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in 
coronary heart disease. |. Lipid levels in 500 survivors of myocardial infarction. J Clin Invest. 
1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Minster 
Trial. Zürich: Panscientia verlag; 1986:8-9. 3. Data on file, Medical Affairs Dept, Parke-Davis 

4, Tikkanen MJ, Helve E, Jäättelä A, et al. Comparison between lovastatin and gemfibrozil in the 
treatment of primary hypercholesterolemia: the Finnish Multicenter Study. Am J Cardiol. 
1988;62:35)-43}. 
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Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large Clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1/2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 112 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
Carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
Studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts —Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy —Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls.in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two otherdrugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B— Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years, 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a Causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebial hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia: 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engi J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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Second Edition 


Your colleagues review the book — 


“. ..concise and finely edited. The discussions are 
up-to-date and to the point... .the book can be 
read from both a generalist’s and specialist’s 
perspective... .to convey ‘what really matters’ to 
a practicing physician... .(who manages) 
everyday problems seen in clinical practice.” 
—Annals of Internal Medicine 


.find information easily and. . quickly. . . 
should se a place in every clinician’s 
office. . 

—The New England Journal of Medicine 
(First Edition review) 


“Features that distinguish this book from others 

in the field include the pragmatic orientation. . . 

the range of coverage (and). . .the organization in 

bite-sized topics... .” 

—Journal of the American Medical Association 
(First Edition review) 


By focusing on the clinical side of day-to-day 
practice, using a problem-oriented approach, 
providing standardized headings under each 
disease or disorder, and covering both general 
and internal medicine, Medicine for the Practicing 
Physician, Second Edition is a truly useful desk 
reference, designed to be used frequently. 
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mproved ejection fraction 


1 a recent double-blind, placebo-controlled study’ 
patients with normal sinus rhythm, digoxin pro- 
ced a significant increase in ejection fraction 

bmpared to captopril (P<.05) and placebo 

P<.01). By contrast, there was no significant 
fference between captopril and placebo. 


nprovement in ejection fraction represents 
provement in myocardial contractile perfor- 
ance and better emptying of the left ventricle. 


Percent Improvement in Ejection Fraction* 


al 


Captopril 


dapted from the Captopril-Digoxin Multicenter Research Group study. | 
P<.05 compared to captopril; P<.01 compared to placebo. 


mproved cardiac output 


he positive inotropic effect of digoxin 

as measured in part by improved cardiac output) 
as associated with improved left ventricular 
V) function .’ This significant improvement 
cardiac output was seen in patients at rest as 

ell as during exercise. Long-term therapy with 

igoxin contributed to the maintenance of LV 
nction as indicated by both a decrease in cardiac 

put when digoxin was stopped and a restoration 
b treatment levels with readministration 
f the drug. 





Placebo 


Digoxint 





Improved exercise tolerance 


In anew placebo-controlled study? of CHF patients 
with normal sinus rhythm and on diuretics, exer- 
cise tolerance (treadmill) was improved 14% 
(P<.05) by digoxin. In this study, digoxin pro- 
duced favorable effects on cardiac function beyond 
those of the diuretic alone. Another study* showed 
that digoxin significantly improved exercise toler- 
ance and O, consumption over placebo. In the 
latest digoxin/captopril study, there was no signifi- 
cant statistical difference between the two drugs 
with regard to effects on exercise tolerance and 
functional class.’ 


20 Percent Improvement in Exercise Tolerance* 





Diuretic Baseline 


Digoxin 


* Adapted from DiBianco et al.” 


References: 1. The Captopril-Digoxin Multicenter Research Group: Comparative 
effects of therapy with captopril and digoxin in patients with mild to moderate heart 
failure. JAMA 1988;259:539-544. 2. DiBianco R, Shabetai R, Kostuk W, et al: Oral 
milrinone and digoxin in heart failure: Results of a placebo-controlled, prospective 
trial of each agent and the combination, abstract. Circulation 1987;76(suppl 4):256. 
3. Arnold SB, Byrd RC, Meister W, et al: Long-term digitalis therapy improves left 


ventricular function in heart failure. N Engl J Med 1980;303:1443-1448. 4. Alicandri C, 


Fariello R, Boni E, et al: Comparison of captopril and digoxin in mild to moderate heart 
failure. Postgrad Med J 1986;62(supp! 1):170-175. 
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LANOXIN® ocon TABLETS 


125 wg (0.125 hy Scored I.D. Imprint Y3B (yellow) 


250 wg (0.25 mg) Scored I.D. Imprint X3A (white) 


500 g (0.5 mg) Scored I.D. Imprint T9A (green) 


Before using Lanoxin Tablets, the physician should be thoroughly familiar with 


| the basic pharmacology of this drug as well as its drug interactions, indications, 


and usage. 

DESCRIPTION: Lanoxin is digoxin, one of the cardiac (or digitalis) glycosides, a closely related group of drugs having 
in common specific effects on the myocardium. 

INDICATIONS AND USAGE: 


Heart Failure: The increased cardiac output resulting from the inotropic action of digoxin ameliorates the distur- 


bances characteristic of heart failure (venous congestion, edema, dyspnea, orthopnea and cardiac asthma). 
Digoxin is more effective in “low output” (pump) failure than in “high output” heart failure secondary to arteriovenous 
fistula, anemia, infection or hyperthyroidism. 

Digoxin is usually continued after failure is controlled, unless some known precipitating factor is corrected. Studies 
have shown, however, that even though hemodynamic effects can be demonstrated in almost all patients, corres- 
ponding improvement in the signs and symptoms of heart failure is not necessarily apparent. Therefore, in patients in 


= whom digoxin may be difficult to regulate, or in whom the risk of toxicity may be great (e.g., patients with unstable 


renal function or whose potassium levels tend to fluctuate) a cautious withdrawal of digoxin may be considered. If 
digoxin is discontinued, the patient should be regularly monitored for clinical evidence of recurrent heart failure. 
CONTRAINDICATIONS: Digitalis glycosides are contraindicated in ventricular fibrillation. 

In a given patient, an untoward effect requiring permanent discontinuation of other digitalis preparations usually 
constitutes a contraindication to digoxin. Hypersensitivity to digoxin itself is a contraindication to its use. Allergy to 


_ digoxin, though rare, does occur. It may not extend to all such preparations, and another digitalis glycoside may be 


tried with caution. 
WARNINGS: Digitalis alone or with other drugs has been used in the treatment of obesity. This use of digoxin or other 


- digitalis glycosides is unwarranted. Moreover, since they may cause potentially fatal arrhythmias or other adverse 


effects, the use of these drugs solely for the treatment of obesity is dangerous. 
Anorexia, nausea, vomiting and arrhythmias may accompany heart failure or may be indications of digitalis 


intoxication. Clinical evaluation of the cause of these symptoms should be attempted before further digitalis 


administration. In such circumstances determination of the serum digoxin concentration may be an aid in deciding 


~ whether or not digitalis toxicity is likely to be present. If the possibility of digitalis intoxication cannot be excluded, 
cardiac glycosides should be temporarily withheld, if permitted by the 


doses of digoxin (see DOSAGE AND ADMINISTRATION section in the com- 
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in, Premature and immature infants are particularly sensitive, and dosage 
must not only be reduced but must be individualized according to their 


‘Heart failure accompanying acute glomerulonephritis requires extreme care 
in digitalization. Relatively low loading and maintenance doses and concomi- 


fever or viral myocarditis, are especially sensitive to digoxin-induced distur- 
__ bances of rhythm. 


Clinical situation. 
Patients with renal insufficiency require smaller than usual maintenance 


plete prescribing information). 


tant use of antihypertensive drugs may be necessary and careful monitoring 
is essential. Digoxin should be discontinued as soon as possible. 
Patients with severe carditis, such as carditis associated with rheumatic 


Newborn infants display considerable variability in their tolerance to digox- 


degree of maturity. 

Note: Digitalis glycosides are an important cause of accidental poisoning in 
children. 

PRECAUTIONS: 

General: Digoxin toxicity develops more frequently and lasts longer in 


_ patients with renal impairment because of the decreased excretion of digox- 


in. Therefore, it should be anticipated that dosage requirements will be 


-impairment than in patients with normal renal function. 


decreased in patients with moderate to severe renal disease (see DOSAGE 
AND ADMINISTRATION section in the complete prescribing information). 
Because of the prolonged half-life, a longer period of time is required to 
achieve an initial or new steady-state concentration in patients with renal 


In patients with hypokalemia, toxicity may occur despite serum digoxin 


concentrations within the “normal range", because potassium depletion 


sensitizes the myocardium to digoxin. Therefore, it is desirable to maintain 
normal serum potassium levels in patients being treated with digoxin. Hypokalemia may result from diuretic, 
amphotericin B or corticosteroid therapy, and from dialysis or mechanical suction of gastrointestinal secretions. It 


- may also accompany malnutrition, diarrhea, prolonged vomiting, old age and long-standing heart failure. In general, 


rapid changes in serum potassium or other electrolytes should be avoided, and intravenous treatment with potassium 
should be reserved for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED 


BY OVERDOSAGE section). 
_ Calcium, particularly when administered rapidly by the intravenous route, may produce serious arrhythmias in 
-digitalized patients. Hypercalcemia from any cause predisposes the patient to digitalis toxicity. On the other hand, 


hypocalcemia can nullify the effects of digoxin in man; thus, digoxin may be ineffective until serum calcium is restored 
to normal. These interactions are related to the fact that calcium affects contractility and excitability of the heart in a 
manner similar to digoxin. 

Hypomagnesemia may predispose to digitalis toxicity. If low magnesium levels are detected in a patient on digoxin, 
replacement therapy should be instituted. 


- Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the implication that digitalis 
_ intoxication may result. This rise appears to be proportional to the dose. The effect is mediated by a reduction in the 


digoxin clearance and, in the case of quinidine, decreased volume of distribution as well. 


Certain antibiotics may increase digoxin absorption in patients who convert digoxin to inactive metabolites in the gut 


(see Pharmacokinetics portion of the CLINICAL PHARMACOLOGY section in the complete prescribing information). 
Recent studies have shown that specific colonic bacteria in the lower gastrointestinal tract convert digoxin to 


_ cardioinactive reduction products, thereby reducing its bioavailability. Although inactivation of these bacteria by 


antibiotics is rapid, the serum digoxin concentration will rise at a rate consistent with the elimination half-life of 


digoxin. The magnitude of rise in serum digoxin concentration relates to the extent of bacterial inactivation, and may 
beas much as two-fold in some cases. Patients with acute myocardial infarction or severe pulmonary disease may be 


- unusually sensitive to digoxin-induced disturbances of rhythm. 
_ Atrial arrhythmias associated with hypermetabolic states (e.g. hyperthyroidism) are particularly resistant to digoxin 


treatment. Large doses of digoxin are not recommended as the only treatment of these arrhythmias and care must be 


taken to avoid toxicity if large doses of digoxin are required. In hypothyroidism, the digoxin requirements are 


yo 


reduced. Digoxin responses in patients with compensated thyroid disease are normal. 


Reduction of digoxin dosage may be desirable prior to electrical cardioversion to avoid induction of ventricular 
arrhythmias, but the physician must consider the consequences of rapid increase in ventricular response to atrial 


~ fibrillation if digoxin is withheld 1 to 2 days prior to cardioversion. If there is a suspicion that digitalis toxicity exists, 


€ 


elective cardioversion should be delayed. If itis not prudent to delay cardioversion, the energy level selected should 
be minimal at first and carefully increased in an attempt to avoid precipitating ventricular arrhythmias. 


> Incomplete AV block, especially in patients with Stokes-Adams attacks, may progress to advanced or complete heart 


block if digoxin is given. 


| ‘Insome patients with sinus node disease (i.e. Sick Sinus Syndrome), digoxin may worsen sinus bradycardia or sino- 


atrial block. 


In patients with Wolff-Parkinson-White Syndrome and atrial fibrillation, digoxin can enhance transmission of 


_ impulses through the accessory pathway. This effect may result in extremely rapid ventricular rates and even 
ventricular fibrillation. 


Digoxin may worsen the outflow obstruction in patients with idiopathic hypertrophic subaortic stenosis (IHSS). 
Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 


_ Patients with chronic constrictive pericarditis may fail to respond to digoxin. In addition, slowing of the heart rate by 


digoxin in some patients may further decrease cardiac output. 
Patients with heart failure from amyloid heart disease or constrictive cardiomyopathies respond poorly to treatment 


with digoxin. 
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Digoxin is not indicated for the treatment of sinus tachycardia unless it is associated with heart failure. 
Digoxin may produce false positive ST-T changes in the electrocardiogram during exercise testing. 
Intramuscular injection of digoxin is extremely painful and offers no advantages unless other routes of administration 
are contraindicated. 
Laboratory Tests: Patients receiving digoxin should have their serum electrolytes and renal function (BUN and/or 
serum creatinine) assessed periodically; the frequency of assessments will depend on the clinical setting. For 
discussion of serum digoxin concentrations, see DOSAGE AND ADMINISTRATION section in the complete prescribing 
information. 
Drug Interactions: Potassium-depleting corticosteroids and diuretics may be major contributing factors to digitalis 
toxicity. Calcium, particularly if administered rapidly by the intravenous route, may produce serious arrhythmias in 
digitalized patients. Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the 
implication that digitalis intoxication may result. Certain antibiotics increase digoxin absorption in patients who 
inactivate digoxin by bacterial metabolism in the lower intestine, so that digitalis intoxication may result. Propantheline 
and diphenoxylate, by decreasing gut motility, may increase digoxin absorption. Antacids, kaolin-pectin, sulfasalazine, 
neomycin, cholestyramine and certain anticancer drugs may interfere with intestinal digoxin absorption, resulting in 
unexpectedly low serum concentrations. There have been inconsistent reports regarding the effects of other drugs on 
the serum digoxin concentration. Thyroid administration to a digitalized hypothyroid patient may increase the dose 
requirement of digoxin. Concomitant use of digoxin and sympathomimetics increases the risk of cardiac arrhythmias 
because both enhance ectopic pacemaker activity. Succiny/choline may cause a sudden extrusion of potassium from 
muscle cells, and may thereby cause arrhythmias in digitalized patients. Although B adrenergic blockers or calcium 
channel blockers and digoxin may be useful in combination to control atrial fibrillation, their additive effects on AV node 
conduction can result in complete heart block. 
Due to the considerable variability of these interactions, digoxin dosage should be carefully individualized when 
patients receive coadministered medications. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: There have been no long-term studies performed in animals to 
evaluate carcinogenic potential. 
Pregnancy: Teratogenic Effects: Pregnancy Category C. Animal reproduction studies have not been conducted with 
digoxin. It is also not known whether digoxin can cause fetal harm when administered to a pregnant woman or can affect 
reproduction capacity. Digoxin should be given to a pregnant woman only if clearly needed. 
Nursing Mothers: Studies have shown that digoxin concentrations in the mother's serum and milk are similar. However, 
the estimated daily dose to a nursing infant will be far below the usual infant maintenance dose. Therefore, this amount 
should have no pharmacologic effect upon the infant. Nevertheless, caution should be exercised when digoxin is 
administered to a nursing woman. 
ADVERSE REACTIONS: The frequency and severity of adverse reactions to digoxin depend on the dose and route of 
administration, as well as on the patient's underlying disease or concomitant therapies (see PRECAUTIONS section). 
The overall incidence of adverse reactions has been reported as 5 to 20%, with 15 to 20% of them being considered 
serious (one to four percent of patients receiving digoxin). Evidence suggests that the incidence of toxicity has 
decreased since the introduction of the serum digoxin assay and improved 
standardization of digoxin tablets. Cardiac toxicity accounts for about one- 
half, gastrointestinal disturbances for about one-fourth, and CNS and other 
toxicity for about one-fourth of these adverse reactions. 
Adults: 
Cardiac—Unifocal or multiform ventricular premature contractions, 
especially in bigeminal or trigeminal patterns, are the most common ar- 
rhythmias associated with digoxin toxicity in adults with heart disease. 
Ventricular tachycardia may result from digitalis toxicity. Atrioventricular 
(AV) dissociation, accelerated junctional (nodal) rhythm and atrial tachycar- 
dia with block are also common arrhythmias caused by digoxin overdosage. 
Excessive slowing of the pulse is a clinical sign of digoxin overdosage. AV 
block (Wenckebach) of increasing degree may proceed to complete heart 
block. 
Note: The electrocardiogram is fundamental in determining the presence and 
nature of these cardiac disturbances. Digoxin may also induce other changes 
in the ECG (e.g. PR prolongation, ST depression), which represent digoxin 
effect and may or may not be associated with digitalis toxicity. 
Gastrointestinal—Anorexia, nausea, vomiting and less commonly diarrhea 
are common early symptoms of overdosage. However, uncontrolled heart 
failure may also produce such symptoms. Digitalis toxicity very rarely may 
cause abdominal pain and hemorrhagic necrosis of the intestines. 
CNS—Visual disturbances (blurred or yellow vision), headache, weakness, 
apathy and psychosis can occur. 
Other— Gynecomastia is occasionally observed. 
infants and Children: Toxicity differs from the adult in a number of respects. 
Anorexia, nausea, vomiting, diarrhea and CNS disturbances may be present 
but are rare as initial symptoms in infants. Cardiac arrhythmias are more 
reliable signs of toxicity. Digoxin in children may produce any arrhythmia. 
The most commonly encountered are conduction disturbances or supra- 
ventricular tachyarrhythmias, such as atrial tachycardia with or without block, and junctional (nodal) tachycardia. 
Ventricular arrhythmias are less common. Sinus bradycardia may also be a sign of impending digoxin intoxication, 
especially in infants, even in the absence of first degree heart block. Any arrhythmia or alteration in cardiac conduction 
that develops in a child taking digoxin should initially be assumed to be a consequence of digoxin intoxication. 
TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: 
Adults: Digoxin should be discontinued until all signs of toxicity are gone. Discontinuation may be all that is necessary if 
toxic manifestations are not severe and appear only near the expected time for maximum effect of the drug. 
Potassium salts are commonly used, particularly if hypokalemia is present. Potassium chloride in divided oral doses | 
totaling 3 to 6 grams of the salt (40 to 80 mEq K+) for adults may be given provided renal function is adequate (see 
below for potassium recommendations in Infants and Children). 
When correction of the arrhythmia is urgent and the serum potassium concentration is low or normal, potassium 
should be administered intravenously in 5% dextrose injection. For adults, a total of 40 to 80 mEq (diluted to a 
concentration of 40 mEq per 500 ml) may be given at a rate not exceeding 20 mEq per hour, or slower if limited by pain 
due to local irritation. Additional amounts may be given if the arrhythmia is uncontrolled and potassium well-tolerated. 
ECG monitoring should be performed to watch for any evidence of potassium toxicity (e.g. peaking of T waves) and to 
observe the effect on the arrhythmia. The infusion may be stopped when the desired effect is achieved. 
Note: Potassium should not be used and may be dangerous in heart block due to digoxin, unless primarily related to 
supraventricular tachycardia. 
Other agents that have been used for the treatment of digoxin intoxication include lidocaine, procainamide, propranolol 
and phenytoin, although use of the latter must be considered experimental. In advanced heart block, temporary 
ventricular pacing may be beneficial. Digoxin Immune Fab (Ovine), Digibind®, can be used to reverse potentially life- 
threatening digoxin (or digitoxin) intoxication. Improvement in signs and symptoms of digitalis toxicity usually begins 
within ¥2 hour of Digibind administration. Each 40 mg vial of Digibind will neutralize 0.6 mg of digoxin (which is a usual 
body store of an adequately digitalized 70 kg patient). 
Infants and Children: See Adult section for general recommendations for the treatment of arrhythmias produced by 
overdosage and for cautions regarding the use of potassium. 
If a potassium preparation is used to treat toxicity, it may be given orally in divided doses totaling 1 to 1.5 mEq K+ per 
kilogram (kg) body weight (1 gram of potassium chloride contains 13.4 mEq K+). 
When correction of the arrhythmia with potassium is urgent, approximately 0.5 mEq/kg of potassium per hour may be 
given intravenously, with careful ECG monitoring. The intravenous solution of potassium should be dilute enough to 
avoid local irritation; however, especially in infants, care must be taken to avoid intravenous fluid overload. 
DOSAGE AND ADMINISTRATION: Recommended dosages are average values that may require considerable 
modification because of individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended doses. 
In deciding the dose of digoxin, several factors must be considered: 
1. The disease being treated. Atrial arrhythmias may require larger doses than heart failure. 
2. The body weight of the patient. Doses should be calculated based upon lean or ideal body weight. 
3. The patient's renal function, preferably evaluated on the basis of creatinine clearance. 
4. Age is an important factor in infants and children. 
5. Concomitant disease states, drugs or other factors likely to alter the expected clinical response to digoxin (see 
PRECAUTIONS and Drug Interactions sections). 
Consult complete product information before prescribing. 
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A Double-Blind Randomized Multicenter Dose-Ranging 
Trial of Intravenous Streptokinase in Acute Myocardial 
Infarction 

A. Jacob Six, Hans W. Louwerenburg, Reinier Braams, 
Karel Mechelse, Willem L. Mosterd, Ad C. Bredero, 
Peter H.J.M. Dunselman, and Norbert M. van Hemel 


A double-blind randomized trial was performed to establish 
the optimal dose of streptokinase. The result of a dosage of 
1,500,000 IU is significantly poorer than that of a dosage of 
3,000,000 IU (p <0.05); 1,500,000 should not be considered as 
optimal and is inappropriate for comparison trials with other 
fibrinolytic agents; further research is needed to establish the 
efficacy and safety of the 3,000,000 IU dosage. 
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Results of High Dose Intravenous Urokinase for Acute 
Myocardial Infarction 

Thomas C. Wall, Harry R. Phillips, Ill, Richard S. Stack, Susan 
Mantell, Lynne Aronson, Jane Boswick, Kristina Sigmon, 
Michael DiMeo, Don Chaplin, David Whitcomb, Depak Pasi, 
Mark Zawodniak, Moosa Hajisheik, Sadanaud Hegde, 

Walter Barker, Richard Tenney, and Robert M. Califf 


To determine the effectiveness of high dose intravenous uroki- 
nase in establishing reperfusion and sustained patency of in- 
farct-related arteries, we prospectively studied 102 patients in 
the setting of acute myocardial infarction. High dose intrave- 
nous urokinase is associated with a 62% patency rate, a low 
incidence of reocclusion and bleeding complications and a high 
technical success rate with rescue angioplasty. 


132 SE Ray MEM Seen rai EE ho PaO a eel 
Echocardiographic Evaluation of Segmental Wall 
Motion Early and Late After Thrombolytic Therapy in 
Acute Myocardial Infarction: The Western Washington 
Tissue Plasminogen Activator Emergency Room Trial 
Catherine M. Otto, John R. Stratton, Charles Maynard, Ralph 
Althouse, Karl-Arne Johannessen, and J. Ward Kennedy 


In 92 acute myocardial infarction patients treated with tissue 
plasminogen activator 2.3 + 1.2 hours after the onset of chest 
pain, concordance between noninvasive infarct location by 
electrocardiography or echocardiography and infarct-related 
artery at angiography 4 + 2 days later (n = 85) was 75.6% and 
81.3%, respectively. Improvement in regional wall motion is 
seen after early treatment with intravenous tissue plasminogen 
activator. 
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A Randomized Pilot Trial of Brief Versus Prolonged 
Heparin After Successful Reperfusion in Acute 
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Nathan H. Kander, Kurt J. Holland, Bertram Pitt, and 

Eric J. Topol 
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To determine the role of heparin, patients with suitable angio- 
graphic features after reperfusion therapy were randomly allo- 
cated to receive a brief infusion of intravenous heparin for <24 
hours (group 1), or a prolonged infusion for 272 hours (group 
2), adjusted to a partial thromboplastin time of 2 times control. 
In low-risk patients after successful reperfusion, prolonged 
heparin therapy does not protect against rethrombosis and is 
associated with a significantly higher rate of bleeding 
complications. 
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The Portable Programmable Microprocessor-Driven 
Real-Time 12-Lead Electrocardiographic Monitor: 

A Preliminary Report of a New Device for the 
Noninvasive Detection of Successful Reperfusion or 
Silent Coronary Reocclusion 

Mitchell W. Krucoff, Nancy B. Wagner, James E. Pope, 

David M. Mortara, Yvette R. Jackson, Randy K. Bottner, 
Galen S. Wagner, and Kenneth M. Kent 


A newly available electrocardiographic monitor that provides a 
continuously updated precise digital record of the ST-segment 
activity of an individual patient has been introduced to produce 
information that could help triage patients to or away from 
more aggressive and costly therapy. We describe the salient 
on-line features of the monitor, various off-line capabilities and 
examples of its use in 4 specific clinical situations. 


149 

Predischarge Maximal Exercise Test Identifies 

Risk for Cardiac Death in Patients with Acute 
Myocardial Infarction 

Jens Rokkedal Nielsen, Hans Mickley, Else Marie Damsgaard, 
and Anders Frøland 


A maximal exercise test was performed before discharge in 54 
patients with acute myocardial infarction and in 49 age- 
matched control subjects. The predischarge maximal exercise 
test was of great value in identifying AMI patients at low risk 
for cardiac death (predictive value of a negative test: 95%). 


154 gg eee 
Clinical and Prognostic Significance of Lung Thallium 
Uptake on Rest Imaging in Acute Myocardial Infarction 
Diwakar Jain, Avijit Lahiri, and Edward B. Raftery, 

with the technical assistance of Usha Raval 


Increased lung thallium-201 uptake was observed in 20 of 62 
(32%) patients with acute myocardial infarction who under- 
went rest thallium-201 imaging within 96 hours of the acute 
episode. Abnormal lung thallium-201 uptake at rest in AMI is 
an indicator of the severity of left ventricular dysfunction, and 
its clinical implications are similar to those of lung thallium- 
201 uptake seen during exercise in patients with stable coro- 
nary artery disease. 
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Ability of Dipyridamole—Thallium-201 Imaging 

One to Four Days After Acute Myocardial Infarction 

to Predict In-Hospital and Late Recurrent Myocardial 
Ischemic Events 

Kenneth A. Brown, John O'Meara, Charles E. Chambers, and 
Dennis A. Plante 


We tested the ability of dipyridamole-thallium-201 imaging to 
predict in-hospital and late cardiac events when performed 
very early (62 + 21 hours, range 23 to 102) after acute myo- 
cardial infarction. Our results suggest that dipyridamole-thal- 
lium-201 imaging can identify a subgroup of patients at high 
risk for early and late ischemic cardiac events who may benefit 
from early elective invasive diagnostic or therapeutic proce- 
dures, as well as patients at very low risk for in-hospital and 
late ischemic cardiac events. 


168 

Elevation of C-Reactive Protein in “Active” 
Disease 

Bradford C. Berk, William S. Weintraub, and 

R. Wayne Alexander 


The role of inflammation in unstable angina was studied by 
measuring the acute phase reactant, C-reactive protein, in 3 
groups of patients with cardiac disease. Patients admitted to 
the coronary care unit with a diagnosis of unstable angina had 
significantly higher C-reactive protein values than coronary 
care unit patients with nonischemic illnesses or stable angina 
patients. The data suggest that an inflammatory component 
present in “active” angina may contribute to the abnormal 
vasoreactivity and thrombosis in these patients. 


173 

Effects of Glutamate on Exercise Tolerance and 
Circulating Substrate Levels in Stable Angina Pectoris 
Anne Thomassen, Hans E. Bøtker, Torsten T. Nielsen, 
Kristian Thygesen, and Per Henningsen 


We administered glutamate (either orally or intravenously) to 
20 patients with stable angina pectoris who then underwent 
exercise testing. When compared to baseline exercise tests, glu- 
tamate prolonged the exercise duration and delayed the onset 
of ST-segment depression. These results suggest that gluta- 
mate has a cardioprotective action in humans. 


179 
Influence of Heparin Therapy on Percutaneous 


Mary Ann Lukas Laskey, Ezra Deutsch, John W. Hirshfeld, 
Jr., William G. Kussmaul, Elliot Barnathan, and 
Warren K. Laskey 


We compared the clinical and angiographic outcome in 2 
groups of patients undergoing percutaneous transluminal coro- 
nary angioplasty: 18 patients who had not received heparin 
pretreatment with 35 patients who had. Results show that the 
addition of prolonged (>24 hours) intravenous heparin admin- 
istration to the pre-PTCA treatment regimen confers addition- 
al benefit to immediate outcome. 
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183 we eee 
Changing Use of Coronary Angioplasty and Coronary 
Bypass Surgery in the Treatment of Chronic 

Coronary Artery Disease 

William S. Weintraub, Ellis L. Jones, Spencer B. King III, 
Joseph Craver, John S. Douglas, Jr., Robert Guyton, 

Henry Liberman, and Douglas Morris 


We studied the use of coronary bypass surgery and percutane- 
ous transluminal coronary angioplasty after diagnostic cardiac 
catheterization in 14,078 patients. In 1981, 1,704 patients un- 
dergoing a first cardiac catheterization had coronary disease, 
with 51.7% treated medically, 44.0% by bypass grafting and 
4.3% with PTCA. In 1988 there were 1,719 patients, with 
41.2% treated medically, 28.5% by bypass and 30.3% with 
PTCA. In the bypass group the percent older than 65 in- 
creased from 26.0% in 1981 to 44.9% in 1988. The PTCA 
population had less severe disease, was younger and had better 
left ventricular function, and the percent older than 65 in- 
creased from 15.4% in 1981 to 35.4% in 1988. The biggest 
increases in PTCA occurred in 1- and 2-vessel disease, with a 
decrease in bypass referrals. 


189 Pn a ee ee Se ee ae 
Effects of Intravenous Isradipine on Left Ventricular 
Performance During Rapid Atrial Pacing in Coronary 
Artery Disease 

John B. Bedotto, Eric J. Eichhorn, Jeffrey J. Popma, and 
Gregory J. Dehmer 


The effects of intravenous isradipine were evaluated in 24 pa- 
tients with coronary artery disease using rapid atrial pacing to 
increase myocardial oxygen demand. After isradipine or place- 
bo was given, hemodynamics and left ventricular function were 
measured at baseline and during peak pacing. Results suggest 
that isradipine has a favorable effect on LV systolic perfor- 
mance both at rest and during rapid atrial pacing. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


195 eee Se ees! be SOS RE Et eS 
Value of a Revised Procainamide Test in the Wolff- 
Parkinson-White Syndrome 

K. Atta Boahene, George J. Klein, Arjun D. Sharma, 
Raymond Yee, and Osamu Fujimura 


Conflicting results with the use of procainamide testing to pre- 
dict the risk of sudden death in patients with the Wolff-Parkin- 
son-White syndrome led us to study the effect of incremental 
doses of procainamide on the anterograde effective refractory 
period of the accessory pathway. We also related the test’s 
reliability to the dose at which preexcitation was lost. Our 
major finding is that the sensitivity and specificity of the pro- 
cainamide test is critically related to dose; there is a good bal- 
ance between sensitivity and specificity at a cumulative dose of 
550 mg. 


201 

Value of Programmed Ventricular Stimulation 

in the Evaluation and Management of Patients with 
Nonsustained Ventricular Tachycardia 

Associated with Coronary Artery Disease 

Antonis S. Manolis and N.A. Mark Estes, III 


We performed programmed ventricular stimulation in 52 pa- 
tients with nonsustained ventricular tachycardia and then di- 
vided the patients into 2 groups: those without (31 patients) 
and those with an inducible arrhythmia (20 patients). Only the 
latter group of patients received antiarrhythmic drug therapy. 
At 21 + 7 months of follow-up, the incidence of significant 
arrhythmic events was low in both groups. 


CONGESTIVE HEART FAILURE 


a SER LEE OA en eee N 
Assessment of Hemodynamic Tolerance from a 24- 
Hour Intravenous Infusion of Fenoldopam Mesylate in 
Congestive Heart Failure 

Mark A. Munger, Joseph R. Benotti, Jeffrey A. Green, 

Robert C. Jarvis, Andrew R. Nara, Jane E. McCue, 

Robert A. Pospisil, and Richard J. Kasmer 


Thirty-three patients with severe congestive heart failure un- 
derwent 24-hour intravenous infusion of fenoldopam mesylate 
titrated to a cardiac index 225% above baseline. Cardiac index 
and stroke volume index were augmented; systemic vascular 
resistance, left ventricular filling pressure and mean arterial 
pressure were decreased. Fenoldopam, however, exhibited an 
attenuation of hemodynamic effects. 


211 EE oe eS SS ea ee 
Hemodynamic and Renal Effects of Atrial Natriuretic 
Peptide in Congestive Heart Failure 

Michael A. Fifer, Cesar R. Molina, Antonio C. Quiroz, 

Thomas D. Giles, Howard C. Herrmann, Ivan R. 

De Scheerder, Denis L. Clement, Spencer Kubo, 

Robert J. Cody, Jay N. Cohn, and Michael B. Fowler 


The effects of anaritide, a synthetic analog of atrial natriuretic 
peptide, were evaluated in 35 patients with chronic congestive 
heart failure during a 2-phase study. Our findings show that 
short-term infusion of anaritide produces improvement in he- 
modynamics and renal function in patients with heart failure. 


VALVULAR HEART DISEASE 


ee Mi oe S a We ed en a E 
Ten-Year Results with the St. Jude Medical Prosthesis 
Chandra K. Nair, Syed M. Mohiuddin, Daniel E. Hillerman, 
Richard Schultz, Robert T. Bailey, Jr., Cornelia T. Cook, and 
Michael H. Sketch, Sr. 


Of 165 patients who received a St. Jude valve prosthesis over a 
10-year period, 147 were treated with warfarin. The 10-year 
actuarial event-free incidence from thromboembolic and hem- 
orrhagic events was 84 and 95%, respectively. Thus, use of 
modest doses of warfarin in patients receiving St. Jude prosthe- 
ses seems to decrease the incidence of hemorrhagic complica- 
tions without increasing the incidence of thromboembolic 
events. 
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226 EOE EP aaa SE TE SACE eee 
Assessment of Diastolic Filling Indexes Obtained by 
Radionuclide Ventriculography 

Ralph A.H. Stewart and William J. McKenna 


We compared the sensitivity of different radionuclide indexes 
to impaired diastolic filling in 2 groups: patients with hypertro- 
phic cardiomyopathy and normal subjects. Our results show 
that recognition of factors other than left ventricular filling on 
certain radionuclide indexes allows improved selection and in- 
terpretation of indexes of left ventricular filling. 
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231 eee 
Characteristics and Natural History of Abnormal 

Atrial Rhythms in Left lsomerism 

Kazuo Momma, Atsuyoshi Takao, and Toshimitsu Shibata 


We studied standard 15-lead electrocardiograms (taken, on 
average, over 7 years) of 50 patients with left isomerism, pay- 
ing particular attention to atrial rhythms. In 68% of the pa- 
tients, multiple atrial rhythms were present; in 98% P waves 
with superiorly oriented mean frontal axes were present. Slow 
P rates or junctional rhythms associated with slowing of the 
atrial rate were recorded in 50%, and slowing of the P rate was 
progressive. These electrocardiographic abnormalities may be 
clinically useful in early recognition of left isomerism. 
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237 

Doppler Echocardiographic-Determined Changes in 
Left Ventricular Diastolic Filling Flow Velocity During 
the Lower Body Positive and Negative Pressure 
Method 

Toshiyuki Takahashi, Masahiko lizuka, Hiroshi Sato, Takashi 
Serizawa, Shin-ichi Momomura, Takatoshi Mochizuki, Osami 
Kohmoto, Teruhiko Aoyagi, Hiroshi Matsui, Hiroshi 
Ikenouchi, Tsuguya Sakamoto, and Tsuneaki Sugimoto 


In 15 patients with coronary disease or dilated cardiomyopa- 
thy, we analyzed changes in Doppler-derived parameters of 
left ventricular diastolic filling flow, as well as hemodynamic 
variables, during the lower body positive and negative pressure 
method. Results suggest that left atrial pressure is an impor- 
tant determinant of LV early diastolic filling in this setting. 
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Usefulness of Jogging in Place as an Exercise Test of 
Enhanced Diagnostic Efficac 

Nicolaos M. Papazoglou, Eleni S. Kolokouri-Dervou, 

Nicolaos |. Agrios, Miliana P. Stagou, Panayotis M. Loussidis, 
and Dimitrios N. Prionas 
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Effect of Cigarette Smoke on Sinus Node Automaticity 
Kent J. Volosin, Claude Brachfeld, Lou-Anne M. Beauregard, 
Rosemary Fabiszewski, and Harvey L. Waxman 


BMG. ea Ne ate, R en oft 8 ee 
Pulmonary Venous Flow Determined by Doppler 
Echocardiography in Mitral Stenosis 

Gad Keren, Avraham Pardes, Hylton |. Miller, Jack Scherez, 
and Shlomo Laniado 
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Follow-Up After Percutaneous Balloon Valvoplasty for 


Noncalcific Aortic Stenosis 
Savitri Shrivastava, Gladwin S. Das, Vishva Dev, 
Sanjeev Sharma, and Mira Rajani 
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Do Changes in Fraction of Inspired Oxygen Affect 


Pulmonary Artery Acceleration Time? 
Julie H. Ernst and Stanley J. Goldberg 
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Acute Myocardial Infarction with Normal Coronary 


Arteries Associated with Acetyicholine-Induced 
Vasoconstriction in the Absence of a Positive 
Ergonovine Test 

Charles B. Treasure, Joseph A. Vita, David A. Cox, R. David 
Fish, Andrew P. Selwyn, R. Wayne Alexander, and Peter Ganz 


257 


Balloon Occlusion of an Internal Mammary Artery to 


Anterior Interventricular Vein Fistula 
Ariel A. Miranda, James A. Hill, J. Parker Mickle, and 
Ronald G. Quisling 
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Saphenous Vein Graft Angioplasty in a Teenager 


Joel K. Kahn and Geoffrey O. Hartzler 
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Surgical Correction of Pulmonary Atresia with 
Ventricular Septal Defect and No Central Pulmonary 
Arteries 

Sulekha Kumar, Daniel Scagliotti, Elizabeth A. Fisher, and 
Pedro del Nido 
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A Transmural Approach for Endocardial 
Ventricular Pacing 

Benjamin D. McCallister, Jr., Ronald E. Vlietstra, 
Benjamin M. Westbrook, and David L. Hayes 
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Severe Stenosis Involving a Congenitally Bicuspid 
Aortic Valve in the Tenth Decade of Life 

Dean G. Karalis, Jeffrey M. Wahl, Gary S. Mintz, and 
Krishnaswamy Chandrasekaran 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. |NDERAL LA is formulated to provide a sustained release of propranoiol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. |NDERAL is a nonselective, beta-adrenergic receptor- 
blocking agent possessing no other autonomic nervous system activity. It specifically com- 
petes with beta-adrenergic pearing e agents for available receptor sites. When 
access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vaso- 
dilator responses to beta-adrenergic stimulation are decreased proportionately 

INDERAL LA Capsules (60, 80, 120, and 160 mg) release propranolol HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 
24-hour period the areas under the propranolol plasma concentration-time curve (AUCs) for 
the capsules are approximately 60% to 65% of the AUCs for a comparable divided daily dose 
of INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 

ropranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
ae period, blood levels are fairly constant for about twelve (12) hours then decline exponen- 
tially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolo! and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered especially to main- 
tain effectiveness at the end of the dosing interval. In most clinical settings, however, such as 
hypertension or angina where there is little correlation between plasma levels and Clinical 
effect, INDERAL LA has been therapeutically equivalent to the same mg dose of conventional 
INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour exercise re- 
sponses of heart rate, systolic pressure, and rate pressure product. INDERAL LA can provide 
effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: |NDERAL LA is indicated in the manage- 
ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 
hypertensive emergencies. 

Angina Pectoris Due to Coronary Atherosclerosis: |NDERAL LA is indicated for the 


long-term management of patients with angina pectoris 

Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. 
The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use 

Subaortic Stenosis: |NDERAL LA is useful in the management of hyper- 

trophic subaortic stenosis, especially for treatment of exertional or other stress-induced 
angina, palpitations, and syncope INDERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation 
Clinical improvement may be temporary. 


CONTRAINDICATIONS. |NDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first-degree 
block; 3) bronchial asthma; 4) congestive heart 
failure (see WARNINGS) unless the failure is 
secondary to a tachyarrhythmia treatable with 
INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympa- 
thetic stimulation may be a vital component 
supporting circulatory function in patients with 
congestive heart failure, and its inhibition by 
beta blockade may precipitate more severe 
failure. Although beta blockers should be 
avoided in overt congestive heart failure, if nec- 
essary, they can be used with close follow-up in 
patients with a history of failure who are well 
compensated and are receiving digitalis and 
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Sie Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on 
eart muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible). 


















IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
ae and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL eee is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute IN ERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it may 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 


sm (eg, chronic bronchitis, 


Nonallergic Bronc emph )— PATIENTS 
WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodilation 
produced oe enous and exogenous catecholamine stimulation of beta receptors. 


MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta-recep- 
tor agonists and its effects can be reversed by administration of such agents, eg, dobutamine 
or isoproterenol. However, such patients may be subject to protracted severe hypotension 
Orteu in starting and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring 
with hypoglycemia, but other manifestations such as dizziness and sweating may not be 
significantly affected. Following insulin-induced hypoglycemia, propranolol may cause a delay 
in the recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol may change thyroid function tests, 
increasing T4 and reverse T3, and decreasing Ta. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol. 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with im- 


paree hepatic or renal function. INDERAL (propranolol HCI) is not indicated for the treatment of 
ypertensive emergencies. 
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Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should 
be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead toa 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients TOOMINE COR drugs such as reser- 
pine should be closely observed if INDERAL (propranolol HCI) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal 
attacks, or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may de- 
press myocardial contractility or atrioventricular conduction. On rare occasions, the concomi- 
tant intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure, or recent myocar- 
dial infarction. ; 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance, 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma 
levels of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with 
propranolol. 

Thyroxine may result in a lower than expected T} concentration when used concomitantly 
with propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels. 

Theophylline clearance is reduced when used rev eRe ropranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18- 
month studies in both rats and mice, employing doses up to 150 mg/kg/day, there was no 
evidence of significant drug-induced toxicity. There were no drug-related tumorigenic effects 
at any of the dosage levels. Reproductive studies in animals did not show any impairment of 
fertility that was attributable to the drug. 

PREGNANCY: Pregnancy Category C. INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnan women. INDERAL should be 
used durin Panes only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

ardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
be ke type. 

entral Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; ar 
acute reversible syndrome characterized by 
disorientation for time and place, short-term 
memory loss, emotional lability, slightly 
clouded sensorium, and decreased perfor- 
mance on neuropsychometrics. For immediate 
formulations, fatigue, lethargy, and vivic 
dreams appear dose related. 

Gastrointestinal: Nausea, vomiting, epigas- 
tric distress, abdominal cramping, diarrhea 
constipation, mesenteric arterial thrombosis 
ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, 
erythematous rash, fever combined with ach- 
ing and sore throat, laryngospasm and respira- 
tory distress. 

Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura, 

Auto-!mmune: În extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving 
the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) have no! 
been associated with propranolol. 


DOSAGE AND ADMINISTRATION. |NDERAL LA provides propranolo! hydrochloride in ¢ 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, Reece to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved, 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 64C 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS — Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three- to seven-day intervals until optima 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value anc 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks (see 
WARNINGS). 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimal migraine prophylaxis. If a satisfactory response is no’ 
obtained within four to six weeks after reaching the maximal dose, INDERAL LA therapy shoulc 
be discontinued. It may be advisable to withdraw the drug gradually over a period of severa 
weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE— At this time the data on the use of the drug in this age group are toc 
limited to permit adequate directions for use. 

*The appearance of these capsules is a registered trademark of Wyeth-Ayerst Laboratories 
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EAD: a re it a o ates a Be eg ies 
A Double-Blind Randomized Multicenter Dose-Ranging Trial of 
Intravenous Streptokinase in Acute Myocardial Infarction 

A. Jacob Six, Hans W. Louwerenburg, Reinier Braams, Karel Mechelse, 
Willem L. Mosterd, Ad C. Bredero, Peter H.J.M. Dunselman, and 

Norbert M. van Hemel 


The dosage of 1,500,000 IU streptokinase that is generally applied does 
not appear to be based on clinical comparative investigations. Therefore, a 
double-blind randomized trial was carried out to establish the optimal 
dose. One-hundred eighty-nine patients who had symptoms of acute myo- 
cardial infarction for <4 hours were treated with 200,000, 750,000, 
1,500,000 or 3,000,000 IU streptokinase intravenously. At coronary angi- 
ography 2.8 + 2.7 hours (mean + standard deviation) after the start of 
streptokinase infusion, patency of the infarct-related coronary artery was 
observed in 38, 75, 60 and 82% of the cases, respectively, in the 4 groups. 
As the result of a dosage of 1,500,000 IU is significantly poorer than that 
of a dosage of 3,000,000 IU (p <0.05), the former dosage should not be 
considered as optimal and is inappropriate for comparison trials with other 
fibrinolytic agents. 


124 

Results of High Dose Intravenous Urokinase for Acute 
Myocardial Infarction 

Thomas C. Wall, Harry R. Phillips, Ill, Richard S. Stack, Susan Mantell, 
Lynne Aronson, Jane Boswick, Kristina Sigmon, Michael DiMeo, Don 
Chaplin, David Whitcomb, Depak Pasi, Mark Zawodniak, Moosa Hajisheik, 
Sadanaud Hegde, Walter Barker, Richard Tenney, and Robert M. Califf 


To determine the effectiveness of high-dose intravenous urokinase in es- 
tablishing reperfusion and sustained patency of infarct-related arteries, 
102 patients were prospectively studied in the setting of acute myocardial 
infarction. Sixty-two percent of patients achieved successful thrombolytic 
reperfusion at the time of immediate catheterization. Although 28% of all 
patients experienced recurrent ischemia during hospitalization, only 7% 
experienced reocclusion. Significant bleeding complications were unusual, 
yet | patient experienced an intracranial hemorrhage. Successful rescue 
angioplasty was achieved in 96% of patients who were occluded at the time 
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of immediate catheterization. Therefore, high-dose intravenous urokinase 
is associated with a 62% patency rate, a low incidence of reocclusion and 
bleeding complications and a high technical success rate with rescue 
angioplasty. 


132 

Echocardiographic Evaluation of Segmental Wall Motion 
Early and Late After Thrombolytic Therapy in Acute 
Myocardial Infarction: The Western Washington Tissue 
Plasminogen Activator Emergency Room Trial 

Catherine M. Otto, John R. Stratton, Charles Maynard, Ralph Althouse, 
Karl-Arne Johannessen, and J. Ward Kennedy 


In 92 acute myocardial infarction patients treated with tissue plasminogen 
activator 2.3 + 1.2 hours after the onset of chest pain, concordance 
between noninvasive infarct location by electrocardiogram or echocardi- 
ography and infarct-related artery at angiography 4 + 2 days later (n = 
85) was 75.6% and was 81.3%, respectively. The wall motion score index 
by echocardiography early after the onset of chest pain (11 + 14 hours) 
was worse for anterior (1.8 + 0.4) versus inferior (1.3 + 0.2, p <0.0001 ) 
or posterior-lateral (1.6 + 0.2, p = 0.0003) infarcts. Overall, the wall 
motion score index improved from early to late (13 + 7 weeks) echocardi- 
ography (n = 49, 1.5 + 0.3 to 1.3 + 0.3, p = 0.0008) with improvement 
confined to those with time to treatment <2 hours and evidence of reper- 
fusion at angiography. Echocardiography early after acute myocardial 
infarction identifies infarct location and regional wall motion improves 
after early treatment with intravenous tissue plasminogen activator. 


139 
A Randomized Pilot Trial of Brief Versus Prolonged Heparin 
After Successful Reperfusion in Acute Myocardial Infarction 
Nathan H. Kander, Kurt J. Holland, Bertram Pitt, and Eric J. Topol 





To determine the role of heparin, patients with suitable angiographic 
features after reperfusion therapy were randomly allocated to receive a 
brief infusion of intravenous heparin for <24 hours (group 1), or a pro- 
longed infusion for 272 hours (group 2), adjusted to a partial thrombo- 
plastin time of 2 times control. Patients were excluded for complex intimal 
dissections, large residual filling defects, less than Thrombolysis in Myo- 
cardial Infarction grade 3 flow pattern or >50% residual stenosis. The 
primary endpoints were 1-week patency determined by repeat catheteriza- 
tion or recurrent ischemia, or both, and the incidence of bleeding compli- 
cations. Fifty patients were randomized, 25 in both groups. Baseline 
variables were similar; 14 group 1 and 15 group 2 patients received 
thrombolytic treatment; 20 patients in each group had coronary angio- 
plasty. Two documented reocclusions occurred in both groups. Thus, in 
low-risk patients after successful reperfusion, prolonged heparin therapy 
does not protect against rethrombosis and is associated with a significantly 
higher rate of bleeding complications. 


Continued on page A18 


A16 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 








DynaCirc 


(isradipine) 








\ SANDOZPHARMACEUTICALS Allen & Hanburys 


Corporation, E. Hanover, NJ 07936 (201) 503-7500 DIVISION OF GLAXO INC. ©1988 Sandoz Pharmaceuticals Corporatio 





CONTENTS/ABSTRACTS 


Se a a ee a ee 
The Portable Programmable Microprocessor-Driven Real-Time 
12-Lead Electrocardiographic Monitor: A Preliminary Report 
of a New Device for the Noninvasive Detection of Successful 
Reperfusion or Silent Coronary Reocclusion 

Mitchell W. Krucoff, Nancy B. Wagner, James E. Pope, David M. Mortara, 
Yvette R. Jackson, Randy K. Bottner, Galen S. Wagner, and 

Kenneth M. Kent 


Despite growing needs, noninvasive indicators of myocardial reperfusion 
have failed to produce information that could help triage patients to or 
away from more aggressive and costly therapy. A newly available electro- 
cardiographic monitor that provides a continuously updated precise digital 
record of the ST-segment activity of an individual patient at bedside has 
been introduced. The device is especially valuable in monitoring patients 
during reperfusion therapy to determine the efficacy of such treatment, 
and in the subsequent hours to signal threatened reocclusion. This report 
describes the salient on-line features of the monitor, various off-line capa- 
bilities and discreet examples of its use in 4 specific clinical situations. 


149 

Predischarge Maximal Exercise Test Identifies Risk for 
Cardiac Death in Patients with Acute Myocardial Infarction 
Jens Rokkedal Nielsen, Hans Mickley, Else Marie Damsgaard, and 
Anders Frgland 


A maximal exercise test was performed in 54 patients with acute myocar- 
dial infarction (AMI) before discharge and in 49 age-matched control 
subjects. The long-term prognosis was assessed after an average follow-up 
of 7.6 years in AMI patients and 5.8 years in control subjects. A maximal 
work capacity half that of control subjects predicted long-term mortality 
in AMI patients. A low increase in systolic blood pressure also predicted 
long-term mortality, whereas significant ST-segment shifts did not. Maxi- 
mal work capacity was the best single exercise variable for identifying 
patients at high risk of cardiac death. Combining all 3 exercise variables 
the exercise test identified AMI patients at low risk for cardiac death 
(predictive value of a negative test: 95%). 


iN ae ROME: S ENEL a ORA Sy RAS RES I ALEE RE eee ate ae gD 
Clinical and Prognostic Significance of Lung Thallium Uptake 
on Rest Imaging in Acute Myocardial Infarction 

Diwakar Jain, Avijit Lahiri, and Edward B. Raftery, with the technical 
assistance of Usha Raval 


Increased lung thallium-201 uptake was observed in 20 of 62 (32%) 
patients with acute myocardial infarction (AMI) who underwent rest 
thallium-201 imaging within 96 hours of the acute episode. The clinical 
and hemodynamic significance of this observation has been described. 
Patients with increased lung thallium-201 uptake at rest had significantly 
higher segmental thallium-201 defect score, wall motion abnormality 
score, peak CK levels and poorer left ventricular ejection fraction, and had 


Continued on page A22 
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è Promotes LVH regression’ 

è Tends to sustain cerebral blood flow? 

e Does not adversely affect lipid profile’ 
e Tends to sustain renal blood flow* 


*CAPOTEN is indicated for the treatments of both hypertension and heart 
failure. CAPOTEN may be used as initial therapy only for hypertensive 
patients with normal renal function in whom the risk of neutropenia/ 
agranulocytosis is relatively low (1 out of over 8,600 in clinical trials). 
CAPOTEN also may be used in patients with heart failure who have not 
responded adequately to treatment with diuretics and digitalis. 

Although the beneficial effect of captopril in heart failure does not 
require the presence of digitalis, most controlled clinical trial experience 
with captopril has been in patients receiving digitalis, as well as diuretic 
treatment. Consequently, CAPOTEN should generally be added to both of 
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these agents except when digitalis use is poorly tolerated or otherwise not 
feasible. In using CAPOTEN, consideration should be given to the risk of 
neutropenia/agranulocytosis. Use special precautions in all patients with 
impaired renal function, collagen vascular disorders, or those exposed 

to other drugs known to affect the white blood cells or immune response. 
Evaluation of hypertensive and heart failure patients should always 
include assessment of renal function. See INDICATIONS AND USAGE, 
CONTRAINDICATIONS, WARNINGS, PRECAUTIONS, and ADVERSE 
REACTIONS in the brief summary of prescribing information on the 
adjacent page. 
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CAPOTEN* TABLETS 

Captopril Tablets 

INDICATIONS: Hypertension—CAPOTEN (captopril) is indicated for the treatment of hyper- 
tension. Consideration should be given to the risk of neutropenia/ agranulocytosis (see 
WARNINGS). CAPOTEN is effective alone and in combination with other antihypertensive 
agents, especially thiazide-type diuretics. 

_ Heart Failure: CAPOTEN (captopril) is indicated in the treatment of congestive heart failure in 
patients who have not responded adequately to treatment with diuretics and digitalis. CAPOTEN 
should generally be added to both of these agents except when digitalis use is poorly tolerated 


or otherwise not feasible. 


CONTRAINDICATIONS: CAPOTEN is contraindicated in patients who are hypersensitive to this 
product. 


WARNINGS: Angioedema—Angioedema involving the extremities, face, lips, mucous membranes, 
tongue, glottis or larynx has been seen in patients treated with ACE inhibitors, including captopril. 
If angioedema involves the tongue, glottis or larynx, airway obstruction may occur and be fatal. 
Emergency therapy, including but not necessarily limited to, subcutaneous administration of a 
-1:1000 solution of epinephrine should be promptly instituted. 
Neutropenia/Agranulocytosis—Neutropenia (< 1000/ mm‘) with myeloid hypoplasia has resulted 
from use of captopril. About half of the neutropenic patients developed systemic or oral cavity 
infections or other features of the syndrome of agranulocytosis. The risk of neutropenia is de- 
pendent on the clinical status of the patient: 
In clinical trials in patients with hypertension who have normal renal function (serum creati- 
nine less than 1.6 mg/dL and no collagen vascular disease), neutropenia has been seen in 
one patient out of over 8,600 exposed. In patients with some degree of renal failure (serum 
creatinine at least 1.6 mg/dL) but no collagen vascular disease, the risk in clinical trials was 
about 1 per 500. Doses were relatively high in these patients, particularly in view of their 
diminished renal function. In patients with collagen vascular diseases (e.g., systemic lupus 
erythematosus, scleroderma) and impaired renal function, neutropenia occurred in 3.7% of 
patients in clinical trials. While none of the over 750 patients in formal clinical trials of heart 
failure developed neutropenia, it has occurred during the subsequent clinical experience. Of 
reported cases, about half had serum creatinine = 1.6 mg/dL and more than 75% received 
procainamide. In heart failure, it appears that the same risk factors for neutropenia are present. 


_ Neutropenia has appeared usually within 3 months after starting therapy, associated with my- 
eloid hypoplasia and frequently accompanied by erythroid hypoplasia and decreased num- 
bers of megakaryocytes (e.g., hypoplastic bone marrow and pancytopenia); anemia and 
thrombocytopenia were sometimes seen. Neutrophils generally returned to normal in about 2 
weeks after captopril was discontinued, and serious infections were limited to clinically com- 
plex patients. About 13% of the cases of neutropenia have ended fatally, but almost all fatalities 
were in patients with serious illness, having collagen vascular disease, renal failure, heart 
failure or immunosuppressant therapy, or a combination of these complicating factors. Evalua- 
tion of the hypertensive or heart failure patient should always include assessment of renal 
function. lf captopril is used in patients with impaired renal function, white blood cell and 
differential counts should be evaluated prior to starting treatment and at approximately 2-week 
intervals for about 3 months, then periodically. In patients with collagen vascular disease or 
who are exposed to other drugs known to affect the white cells or immune response, particu- 
larly when there is impaired renal function, captopril should be used only after an assessment 
of benefit and risk, and then with caution. All patients treated with captopril should be told to 
report any signs of infection (e.g., sore throat, fever). If infection is suspected, perform white 
cell counts without delay. Since discontinuation of captopril and other drugs has generally led 
to prompt return of the white count to normal, upon confirmation of neutropenia (neutrophil 
count <1000/mm%) withdraw captopril and closely follow the patient's course. 


- Proteinuria: Total urinary proteins >1 g per day were seen in about 0.7% of patients on captopril. 
About 90% of affected patients had evidence of prior renal disease or received high doses 
(>150 mg/ day), or both. The nephrotic syndrome occurred in about one-fifth of proteinuric 
patients. In most cases, proteinuria subsided or cleared within 6 months whether or not captopril 
was continued. The BUN and creatinine were seldom altered in proteinuric patients. Since 
most cases of proteinuria occurred by the 8th month of therapy with captopril, patients with 
prior renal disease or those receiving captopril at doses >150 mg per day, should have urinary 
protein estimates (dip-stick on 1st morning urine) before therapy, and periodically thereafter. 
Hypotension: Excessive hypotension was rarely seen in hypertensive patients but is a possi- 
bility in severely salt/volume-depleted persons such as those treated vigorously with diuretics 
(see PRECAUTIONS [Drug Interactions]). In heart failure, where the blood pressure was either 
normal or low, transient decreases in mean blood pressure >20% were recorded in about half 
of the patients. This transient hypotension may occur after any of the first several doses and is 
usually well tolerated, although rarely it has been associated with arrhythmia or conduction 
defects. A starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 
should be followed closely for the first 2 weeks of treatment and whenever the dose of captopril 
and/or diuretic is increased. 


BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY 
‘SHOULD BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


‘PRECAUTIONS: General: /mpaired Renal Function—Hypertension— Some hypertensive pa- 
tients with renal disease, particularly those with severe renal artery stenosis, have developed 
increases in BUN and serum creatinine. It may be necessary to reduce captopril dosage and/or 
discontinue diuretic. For some of these patients, normalization of blood pressure and mainte- 
nance of adequate renal perfusion may not be possible. Heart Failure—About 20% of patients 
develop stable elevations of BUN and serum creatinine >20% above normal or baseline upon 
long-term treatment. Less than 5% of patients, generally with severe preexisting renal disease, 
required discontinuation due to progressively increasing creatinine. See DOSAGE AND ADMINI- 
STRATION, ADVERSE REACTIONS [Altered Laboratory Findings]. Va/vular Stenosis—A theo- 
retical concern, for risk of decreased coronary perfusion, has been noted regarding vasodilator 
treatment in patients with aortic stenosis due to decreased afterload reduction. Surgery/Anes- 
thesia—lf hypotension occurs during surgery or anesthesia, and is considered due to the ef- 
fects of captopril, it is correctable by volume expansion. 


Drug Interactions: Hypotension—Patients on Diuretic Therapy—Precipitous reduction of blood 
pressure may occasionally occur within the 1st hour after administration of the initial captopril 
dose in patients on diuretics, especially those recently placed on diuretics, and those on se- 
vere dietary salt restriction or dialysis. This possibility can be minimized by either discontinuing 
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rapeutic choice today can mean a lifetime of patient benefits 


the diuretic or increasing the salt intake about 1 week prior to initiation of captopril therapy or 
by initiating therapy with small doses (6.25 or 12.5 mg). Alternatively, provide medical supervi- 
sion for at least 1 hour after the initial dose. 

Agents Having Vasodilator Activity—In heart failure patients, vasodilators should be ad- 
ministered with caution. 

Agents Causing Renin Release—Captopril's effect will be augmented by antihypertensive 
agents that cause renin release. 

Agents Affecting Sympathetic Activity—The sympathetic nervous system may be especially 
important in supporting blood pressure in patients receiving captopril alone or with diuretics. 
Beta-adrenergic blocking drugs add some further antihypertensive effect to captopril, but the 
overall response is less than additive. Therefore, use agents affecting sympathetic activity (e.g., 
ganglionic blocking agents or adrenergic neuron blocking agents) with caution. 

Agents Increasing Serum Potassium—Give potassium-sparing diuretics or potassium sup- 
plements only for documented hypokalemia, and then with caution, since they may lead toa 
significant increase of serum potassium. Use potassium-containing salt substitutes with caution. 

Inhibitors of Endogenous Prostaglandin Synthesis— Indomethacin and other nonsteroidal 
anti-inflammatory agents may reduce the antihypertensive effect of captopril, especially in low 
renin hypertension. 

Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for acetone. 
Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies with doses of 50 
to 1350 mg/ kg/day in mice and rats failed to show any evidence of carcinogenic potential. 
Studies in rats have revealed no impairment of fertility. 

Pregnancy: Category C: There are no adequate and well-controlled studies in pregnant women. 
Embryocidal effects and craniofacial malformations were observed in rabbits. Therefore, 
captopril should be used during pregnancy, or for patients likely to become pregnant, only if 
the potential benefit outweighs the potential risk to the fetus. Captopril crosses the human 
placenta. 


Nursing Mothers: Captopril is secreted in human milk. Exercise caution when administering 
captopril to a nursing woman, and, in general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Reported incidences are based on Clinical trials involving approxi- 
mately 7000 patients. 

Renal—About 1 of 100 patients developed proteinuria (see WARNINGS). Renal insufficiency, 
renal failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients. 

Hematologic—Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia, 
thrombocytopenia, and pancytopenia have been reported. 

Dermatologic—Rash, (usually maculopapular, rarely urticarial), often with pruritus, and some- 
times with fever and eosinophilia, in about 4 to 7 of 100 patients (depending on renal status and 
dose), usually during the 1st 4 weeks of therapy. Pruritus, without rash, in about 2 of 100 pa- 
tients. A reversible associated pemphigoid-like lesion, and photosensitivity, have also been 
reported. Flushing or pallor in 2 to 5 of 1000 patients. 

Cardiovascular—Hypotension may occur; see WARNINGS and PRECAUTIONS [Drug 
Interactions] for discussion of hypotension on initiation of captopril therapy. Tachycardia, chest 
pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocardial infarction, 
Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 1000 patients. 

Dysgeusia—Approximately 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or loss of taste perception; taste impairment is reversible and usually 
self-limited even with continued drug use (2 to 3 months). 

Angioedema—Angioedema involving the extremities, face, lips, mucous membranes, tongue, 
glottis or larynx has been reported in approximately one in 1000 patients. Angioedema involv- 
ing the upper airways has caused fatal airway obstruction. (Gee WARNINGS.) 

The following have been reported in about 0.5 to 2 percent of patients but did not appear at 
increased frequency compared to placebo or other treatments used in controlled trials: gastric 
irritation, abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, cough, alo- 
pecia, paresthesias. 

Other clinical adverse effects reported since the drug was marketed are listed below 
by body system. In this setting, an incidence or causal relationship cannot be accurately 
determined. 

General: Asthenia, gynecomastia. 

Cardiovascular: Cardiac arrest, cerebrovascular accident, syncope. 

Dermatologic: Bullous pemphigus. 

Gastrointestinal: Pancreatitis, glossitis. 

Hematologic: Anemia, including aplastic and hemolytic. 

Hepatobiliary: Hepatitis, including rare cases of necrosis, cholestasis. 

Metabolic: Symptomatic hyponatremia. 

Musculoskeletal: Myalgia, myasthenia. 

Nervous/Psychiatric: Ataxia, confusion, depression, nervousness, somnolence. 

Respiratory: Bronchospasm, eosinophilic pneumonitis, rhinitis. 

Special Senses: Blurred vision. 

Urogenital: Impotence. 

As with other ACE inhibitors, a syndrome has been reported which includes: fever, myalgia, 
arthralgia, rash or other dermatologic manifestations, eosinophilia and an elevated ESR. Find- 
ings have usually resolved with discontinuation of treatment. 


Altered Laboratory Findings: Serum Electrolytes: Hyperkalemia: small increases in serum po- 
tassium, especially in patients with renal impairment (see PRECAUTIONS). 

Hyponatremia: particularly in patients receiving a low sodium diet or concomitant diuretics. 

BUN/Serum Creatinine: Transient elevations of BUN or serum creatinine especially in volume 
or salt depleted patients or those with renovascular hypertension may occur. Rapid reduction of 
longstanding or markedly elevated blood pressure can result in decreases in the glomerular 
filtration rate and, in turn, lead to increases in BUN or serum creatinine. 

Hematologic: A positive ANA has been reported. 

Liver Function Tests: Elevations of liver transaminases, alkaline phosphatase, and serum 
bilirubin have occurred. 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an LV. 
infusion of normal saline is the treatment of choice for restoration of blood pressure. Captopril 
may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before 
meals. In hypertension, CAPOTEN may be dosed bid or tid. Dosage must be individualized; 
see DOSAGE AND ADMINISTRATION section of package insert for detailed information re- 
garding dosage in hypertension and in heart failure. Because CAPOTEN (captopril) is excreted 
primarily by the kidneys, dosage adjustments are recommended for patients with impaired 
renal function. 

Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of 12.5, 25, and 50 mg in bottles of 100 and 1000; 100 mg 
in bottles of 100; and in UNIMATIC” unit-dose packs of 100 tablets. (J3-658N) 
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higher short-term mortality, compared to those without lung thallium-201 
uptake. Of the 34 patients with no evidence of AMI, lung thallium-201 
uptake was observed in only 4, of whom 3 had significantly impaired left 
ventricular function. Abnormal lung thallium-201 uptake at rest in AMI 
is an indicator of the severity of left ventricular dysfunction and its clinical 
implications are similar to those of lung thallium-201 uptake seen during 
exercise in patients with stable coronary artery disease. 
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Ability of Dipyridamole-Thallium-201 Imaging One to Four 
Days After Acute Myocardial Infarction to Predict In-Hospital 
and Late Recurrent Myocardial Ischemic Events 

Kenneth A. Brown, John O’Meara, Charles E. Chambers, and 

Dennis A. Plante 


We tested the ability of dipyridamole—thallium-201 imaging to predict in- 
hospital and late cardiac events when performed very early (62 + 21 
hours, range 23 to 102) after acute myocardial infarction. In-hospital, 1 
patient developed recurrent myocardial infarction and 8 patients devel- 
oped recurrent angina after infarction associated with ST-segment depres- 
sion at 60 + 42 hours after dipyridamole-—thallium-201 imaging; of these 6 
required urgent revascularization. There were no serious side effects dur- 
ing the dipyridamole—thallium-201 study. Using multivariate logistic re- 
gression, the only significant predictor of in-hospital cardiac events was 
the presence of thallium-201 redistribution within the infarct zone (p = 
0.0001). Of 20 patients with infarct zone thallium-201 redistribution, 9 
(45%) developed in-hospital cardiac events compared to 0 of 30 patients 
without infarct zone thallium-201 redistribution (p <0.0001). During a 
follow-up of 12 + 7 months, 3 additional patients with infarct zone 
thallium-201 redistribution had recurrent myocardial infarction (2 pa- 
tients) or unstable angina (1 patient), whereas no patient without infarct 
zone thallium-201 redistribution had a cardiac event. Dipyridamole-thal- 
lium-201 imaging performed very early after an acute myocardial infarc- 
tion may identify a subgroup of patients at high risk for in-hospital and 
late cardiac events. Patients without infarct zone thallium-201 redistribu- 
tion appear to be at very low risk for in-hospital and late ischemic cardiac 
events and may be candidates for early discharge. 
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Elevation of C-Reactive Protein in ‘‘Active’’ Coronary 
Artery Disease 

Bradford C. Berk, William S. Weintraub, and R. Wayne Alexander 


The role of inflammation in unstable angina was studied by measurement 
of the acute phase reactant C-reactive protein (CRP) in 3 groups of 
patients with cardiac disease. Patients admitted to the coronary care unit 
with a diagnosis of unstable angina had significantly higher (p = 0.001 ) 
CRP values (2.2 + 2.9) than coronary care unit patients with nonischemic 
illnesses (0.9 + 0.7) or stable angina patients (0.7 + 0.2). The data 
suggest that an inflammatory component present in “active” angina may 
contribute to the abnormal vasoreactivity and thrombosis in these pa- 
tients. 


Continued on page A26 
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Twice-a-day dosing* to make life easier for your arrhythmia patients. That's the 
Quinidex® advantage. Because, like the heart, Quinidex Extentabs® have been 
uniquely constructed for dependable around-the-clock performance. 


*Some patients may require t.i.d. dosing. 
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EXTENTABS" 


(Quinidine Sulfate Extended- 
release Tablets, USP) 300 mg 


The following is a brief summary only. Before prescribing, see complete prescribing 
information in Quinidex product labeling. 

Contraindications: Intraventricular conduction defects. Complete A-V block. A-V 
conduction disorders caused by digitalis intoxication. Aberrant impulses and abnormal 
rhythms due to escape mechanisms. Idiosyncrasy or hypersensitivity to quinidine or 
related cinchona derivatives. Myasthenia gravis. 

Warnings: in the treatment of atrial flutter, reversion to sinus rhythm may be preceded 
by a progressive reduction in the degree of A-V block to a 1:1 ratio, resulting in an 
extremely rapid ventricular rate. This possible hazard may be reduced by digitalization 
prior to administration of quinidine. 

Reports in the literature indicate that serum concentrations of digoxin may increase 
and may even double when quinidine is administered concurrently. Patients on 
concomitant therapy should be carefully monitored for digitalis toxicity. Reduction of 
digoxin dosage may have to be considered. 

Manifestations of quinidine cardiotoxicity such as excessive prolongation of the QT 
interval, widening of the QRS complex and ventricular tachyarrhythmias mandate 
immediate discontinuation of the drug and/or close clinical and electrocardiographic 
monitoring. 

In susceptible individuals, such as those with marginally compensated cardiovascular 
disease, quinidine may produce clinically important depression of cardiac function 
manifested by hypotension, bradycardia, or heartblock. Quinidine therapy should be 
carefully monitored in such individuals. 

Quinidine should be used with extreme caution in patients with incomplete AV block 
since complete AV block and asystole may be produced. Quinidine may cause 
abnormalities of cardiac rhythm in digitalized patients and therefore should be used with 
Caution in the presence of digitalis intoxication 

Quinidine should be used with caution in patients exhibiting renal, cardiac or hepatic 
insufficiency because of potential accumulation of quinidine in serum, leading to toxicity. 

Patients taking quinidine occasionally have syncopal episodes which usually result 
from ventricular tachycardia or fibrillation. This syndrome has not been shown to be 
related to dose or serum levels. Syncopal episodes frequently terminate spontaneously or 
in response to treatment, bul sometimes are fatal 

Cases of hepatotoxicity, including granulomatous hepatitis, due to quinidine 
hypersensitivity have been reported. Unexplained fever and/or elevation of hepatic 
enzymes, particularly in the early stages of therapy, warrant consideration of possible 
hepatotoxicity. Monitoring liver function during the first 4-8 weeks should be considered. 
Cessation of quinidine in these cases usually results in the disappearance of toxicity. 

: General—aA\l the precautions applying to regular quinidine therapy 
apply to this product. Hypersensitivity or anaphylactoid reactions to quinidine, although 
fare, should be considered, especially during the first weeks of therapy. Hospitalization 
for close clinical observation, electrocardiographic monitoring, and determination of 
serum quinidine levels are indicated when large doses of quinidine are used or with 
patients who present an increased risk. 

Information for Patients—As with all solid dosage medications, Quinidex 
Extentabs should be taken with an adequate amount of fluid, preferably with the patient in 
an upright position to facilitate swallowing. They should be swallowed whole in order to 
preserve the controlled-release mechanism. 

Laboratory Tests—Periodic blood counts and liver and kidney function tests should 
be performed during long-term therapy; the drug should be discontinued if blood 
dyscrasias or evidence of hepatic or renal dysfunction occurs. 

Drug Interactions 

Drug Effect 
Quinidine with anticholinergic drugs Additive vagolytic effect 
Quinidine with cholinergic drugs Antagonism of cholinergic effects 


Quinidine with carbonic anhy- Alkalinization of urine 
drase inhibitors, sodium resulting in decreased 
bicarbonate, thiazide diuretics excretion of quinidine 
Quinidine with coumarin Reduction of clotting 
anticoagulants factor concentrations 
Quinidine with tubocurare, Potentiation of neuro- 
succinylcholine and muscular blockade 
decamethonium 
Quinidine with phenothiazines Additive cardiac 
and reserpine depressive effects 
Quinidine with hepatic enzyme- Decreased plasma 
inducing drugs (phenobarbital, half-life of quinidine 
phenytoin, rifampin) 
Quinidine with digoxin Increased serum concentration of 
digoxin (See Warnings) 
Quinidine with amiodarone Increased serum concentration of quinidine 
Quinidine with cimetidine Prolonged quinidine half-life and an 
increase in serum quinidine level 
Quinidine with ranitidine Premature ventricular contractions 
and/or bigeminy 
Quinidine with verapamil Increased quinidine half-life and an increase in 
serum quinidine level; potential 
hypotensive reactions 
Quinidine with nifedipine Decreased serum concentrations of quinidine 


Carcinogenesis: Studies in animals have not been performed to evaluate the carcino- 
genic potential of quinidine. 

Pregnancy, Teratogenic Effects: Pregnancy Category C. Animal reproduction 
studies have not been conducted with quinidine. There are no adequate and well- 
controlled studies in pregnant women, Quinidex Extentabs should be administered to a 
pregnant woman only if clearly indicated. 

Nonteratogenic Effects: Like quinine, quinidine has been reported to have oxytocic 
properties. The significance of this property in the clinical setting has not been 
established. 

Labor and Delivery—There is no known use for Quinidex Extentabs in labor and 
delivery. However, quinidine has been reported to have oxytocic properties. The 
significance of this property in the clinical setting has not been established. 

Nursing Mothers—Because of passage of the drug into breast milk, caution should 
be exercised when Quinidex Extentabs are administered to a nursing woman, 

Pediatric Use—There are no adequate and well-controlled studies establishing the 
Safety and effectiveness of Quinidex Extentabs in children. 

Adverse Reactions: Symptoms of cinchonism, such as ringing in the ears, loss of 
hearing, dizziness, lightheadedness, headache, nausea, and/or disturbed vision may 
appear in sensitive patients after a single dose of the drug. The most frequently 
encountered side effects to quinidine are gastrointestinal. 

Gastrointestinal—Nausea, vomiting, abdominal pain, diarrhea, anorexia, 
granulomatous hepatitis (which may be preceded by fever), esophagitis. 

Cardiovascular—Ventricular extrasystoles occurring at a rate of one of more every 6 
normal beats; widening of the QRS complex and prolonged QT interval; complete A-V 
block; ventricular tachycardia and fibrillation; ventricular flutter; torsade de pointes; 
arterial embolism; hypotension; syncope. 

Central Nervous System—Headache, vertigo, apprehension, excitement, 
confusion, delirium, dementia, ataxia, depression, 

Ophthalmologic and Otologic— Disturbed hearing (tinnitus, decreased auditory 
acuity), disturbed vision (mydriasis, blurred vision, disturbed color perception, 
photophobia, diplopia, night blindness, scotomata), optic neuritis, reduced visual field. 

Dermatologic—Cutaneous flushing with intense pruritus, photosensitivity, urticaria, 
rash, eczema, exfoliative eruptions, psoriasis, abnormalities of pigmentation. 

Hypersensitivity—Angioedema, acute asthmatic episode, vascular collapse, respira- 
tory arrest, hepatotoxicity, granulomatous hepatitis (See Warnings), purpura, vasculitis. 

Hematologic—Thrombocytopenia, thrombocytopenic purpura, agranulocytosis, 
acute hemolytic anemia, hypoprothrombinemia, leukocytosis, shift to left in WBC 
differential, neutropenia. 

/mmunologic—Systemic lupus erythematosus, lupus nephritis. 

Miscellaneous—Fever, increase in serum skeletal muscle creatine phosphokinase, 
arthralgia, myalgia. 
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CARDIOLOGIST 


NON-INVASIVE CARDIOLOGIST FOR CARDIOLOGY SEC- 
TION AT DEAN’S COMMITTEE V.A. MEDICAL CENTER. 
MUST BE BC/BE. LOCATED ON GULF COAST IN YEAR 
ROUND RESORT AREA 80 MILES FROM NEW ORLEANS, 
LA. SEND C.V. TO ASHOK KANADE, M.D., CHIEF, CARDI- 
OLOGY SECTION, VAMC, BILOXI, MS 39531, OR TELE- 
PHONE (601) 388-5541, EXT. 5470. THE VA IS AN EQUAL 
OPPORTUNITY EMPLOYER. 


Academic Cardiologist (tenure-track assistant professor 
level) who will have primary responsibility for cardiac pa- 
tient care and teaching at the U Hospital with emphasis in 
any Clinical area of expertise, including angiography, criti- 
cal care or nuclear or noninvasive imaging. It is anticipated 
that individual will develop his/her own independent re- 
search effort within the Division. Apply to: Jay N. Cohn, 
M.D., Professor and Head, Cardiovascular Division, Box 
488 UMHC, University of Minnesota, Minneapolis, MN 
55455. The University of Minnesota is an equal opportunity 
educator and employer and specifically invites and encour- 
ages applications from women and minorities. (Deadline for 
receipt of application: 2/28/90.) 


CONTINUING MEDICAL EDUCATION COURSE 
FIRST ANNUAL LAHEY CLINIC SYMPOSIUM ON 
CARDIOVASCULAR DISEASE: STATE OF THE ART 1990 
April 6 & 7, 1990 


Lahey Clinic Medical Center 
Alumni Auditorium 


Concise updates on the following topics will be 
presented: Valvular Heart Disease, Arrhythmias, 
Preventative Cardiology, Treatment of Acute Myo- 
cardial Infarction, and Angioplasty. 


Guest Faculty: William P. Castelli, M.D., James 
Chesebro, M.D., Tirone David, M.D., James S. 
Forrester, M.D., Stephen G. Ellis, M.D., Alan D. 
Guerci, M.D., Gerard M. Guiraudon, M.D., Spen- 
cer B. King, Ill, M.D., Dennis L. Kuchar, M.D., 
FRACP, Daniel Levy, M.D., James Maloney, M.D., 
James E. Muller, M.D., Gary S. Roubin, M.D., 
Ph.D., J. Richard Spears, M.D., William J. Stew- 
art, M.D. 


For Further Information Contact: Lahey Clinic 
Medical Center, Educational Seminars, 41 Mall 
Road, Burlington, MA 01805. Telephone: (617) 
273-5238. 











Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You've heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 


To maintain the high standards 
of quality care, and because 
some drugs work better than 


No two are exactly alike. 


others on different people, it is 
essential to have this diversity. 


America’s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 


Pharmaceutical 
Manufacturers 


Association 


IF A NEW MEDICINE CAN HELP 
WE’RE WORKING ON IT. 
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Effects of Glutamate on Exercise Tolerance and Circulating 
Substrate Levels in Stable Angina Pectoris 

Anne Thomassen, Hans E. Bgtker, Torsten T. Nielsen, Kristian Thygesen, 
and Per Henningsen 


To study the effect of glutamate in ischemic heart disease, 20 patients with 
stable angina pectoris each underwent 4 exercise tests. The first and fourth 
tests were performed without treatment while the second and third tests 
were preceded by monosodium glutamate—either 0.8 and 1.5 mg/kg 
body weight given intravenously (10 patients) or 40 and 80 mg/kg given 
orally (10 patients). Regardless of route of administration and in a dose- 
related way, glutamate pretreatment prolonged exercise duration (p 
<0.05) and delayed the onset of ST-segment depression (p <0.05). He- 
modynamics at rest and at comparable workloads were unaffected by 
glutamate treatment but rate-pressure product at onset of ST-segment 
depression was increased (p <0.05). This effect was accompanied by 1.5- 
to 7-fold elevations of plasma glutamate (p <0.01), decreased plasma free 
fatty acid (p <0.001) and increased plasma alanine concentrations (p 
<0.05) whereas circulating levels of lactate, glucose, citrate and albumin 
were not influenced. No adverse effects were seen. Administration of 
glutamate improves working capacity and ischemic threshold in patients 
with stable angina pectoris through a metabolic mechanism. 


179 
influence of Heparin Therapy on Percutaneous Transluminal 
Coronary Angioplasty Outcome in Patients with Coronary 
Arterial Thrombus 

Mary Ann Lukas Laskey, Ezra Deutsch, John W. Hirshfeld, Jr., 

William G. Kussmaul, Elliot Barnathan, and Warren K. Laskey 





Acute procedural outcome in 53 patients with intracoronary thrombus 
was examined with respect to the presence or absence of antecedant 
systemic heparin therapy. Angiographic success was higher and postpro- 
cedural thrombotic vessel occlusion lower in 35 patients receiving prepro- 
cedural heparin in comparison to 18 patients not receiving such therapy. 
This difference existed despite similar clinical and angiographic charac- 
teristics. 


183 
Changing Use of Coronary Angioplasty and Coronary Bypass 
Surgery in the Treatment of Chronic Coronary Artery Disease 
William S. Weintraub, Ellis L. Jones, Spencer B. King III, 

Joseph Craver, John S. Douglas, Jr., Robert Guyton, Henry Liberman, 
and Douglas Morris 





Use of coronary surgery and percutaneous transluminal coronary angio- 
plasty (PTCA) after diagnostic cardiac catheterization was studied in 
14,078 patients. In 1981, 1,704 patients undergoing a first cardiac cathe- 
terization had coronary disease, with 51.7% treated medically, 44.0% by 
coronary artery bypass grafting (CABG) and 4.3% with PTCA. In 1988 
there were 1,719 patients, with 41.2% treated medically, 28.5% by CABG 


Continued on page A28 
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and 30.3% with PTCA. In the CABG group the percent older than 65 
increased from 26.0% in 1981 to 44.9% in 1988. The PTCA population 
had less severe disease, was younger and had better left ventricular func- 
tion. Nonetheless, the percent older than 65 increased from 15.4% in 1981 
to 35.4% in 1988. The biggest increases in PTCA occurred in 1- and 2- 
vessel disease, with a decrease in the CABG referrals. Thus, 2 processes 
occurred at the same time. The population grew older and had more 
significant disease. At the same time PTCA was used with increasing 
frequency as a treatment for 1- and 2-vessel coronary disease, resulting in 
a marked shift in the CABG population. 


189 

Effects of Intravenous Isradipine on Left Ventricular 
Performance During Rapid Atrial Pacing in Coronary 
Artery Disease 

John B. Bedotto, Eric J. Eichhorn, Jeffrey J. Popma, and 
Gregory J. Dehmer 


The effects of intravenous isradipine were evaluated in patients with 
coronary artery disease using rapid atrial pacing (mean peak heart rate 
135 beats/min) to increase myocardial oxygen demand. Intravenous isra- 
dipine (0.01 mg/kg, n = 16) or placebo (n = 8) was administered in a 
double-blind fashion while hemodynamics and left ventricular (LV) func- 
tion (by digital subtraction angiography) were measured at baseline and 
during peak pacing. Before isradipine was given, atrial pacing increased 
diastolic blood pressure and LV end-diastolic pressure measured in the 
immediate postpacing period while end-diastolic volume index, stroke 
volume index, ejection fraction and percent regional shortening in 4 of 5 
myocardial wall segments decreased. In comparison to the placebo group, 
isradipine increased baseline heart rate, ejection fraction and stroke vol- 
ume index and decreased both systolic and diastolic blood pressures and 
end-systolic volume index before the second pacing period. Compared 
with the changes during atrial pacing before isradipine, after isradipine 
systolic and diastolic blood pressures were lower, ejection fraction was 
higher and percent regional shortening decreased in only 2 of 5 myocardial 
segments. These results suggest that isradipine has a favorable effect on 
LV systolic performance both at rest and during rapid atrial pacing in 
patients with coronary artery disease. Whether these effects are totally 
explained by the lower blood pressure after isradipine or some other 
mechanism is not clear, but these findings suggest that isradipine will be 
useful for the treatment of patients with hypertension or exercise-induced 
myocardial ischemia. 


Continued on page A32 
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Whats a common denominator of 
most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,! and nearly two thirds of people 
who developed myocardial infarction in the PROCAM Trial had a low 
(<35 mg/dL) baseline level of HDL cholesterol 2 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 
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—in patients whose baseline HDL was below 35 mg/dL 
in the landmark Helsinki Heart Study (HHS)? 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of serious 
coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 mg/dL)3 


A powerful case for 


DID e 


s | ) 600-m 
(gemfibrozil) ‘see’ 
RAISES HDL...DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type llb patients with low HDL, in addition to elevated LDL and 
triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents such as bile acid sequestrants 
and nicotinic acid. 


*Defined as a combination of definite coronary death and/or definite myocardial infarction. 
References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in coronary heart disease, |. Lipid levels in 500 survivors of myocardial 


infarction. J Clin Invest. 1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Münster Trial. Zurich: Panscientia Verlag; 1986:8-9. 
3. Data on file, Medical Affairs Dept, Parke-Davis. 
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Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1⁄2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1/2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts —Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two otherdrugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
atthe high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988: 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 


PARKE-DAVIS 


Div of Warner-Lambert Co 
Morris Plains, NJ 07950 USA 


Tablets 


0737G013 
PD-56-JA-5932-A-1(12-89) 


A Totally New Approach 


To Critical Care 
Arrhythmia Monitoring. 


The way most arrhythmia moni- 
toring systems work leaves a lot to 
be desired. By capturing and storing 
only arrhythmic events, important 
ECG information before 
and after the event is not 
available—forcing the 


Full-Disclosure clinician to make critical 
Arrhythmia decisions based only upon 
For The isolated arrhythmias. 


Now, there is an alter- 
CCU/Stepdown/ICU. native. It’s the SpaceLabs" 
Full-Disclosure Arrhythmia 
System which provides 
full-disclosure multiple- 
lead ECG, without the need for a 
separate Holter recording. 
This system collects data 
directly from SpaceLabs PCMS 
patient monitors via SpaceLabs 
Ethernet™ communications net- 
work and is fully compatible with 
SpaceLabs PCMS telemetry. 
By offering complete retrospec- 
tive data, full-disclosure arrhythmia 
serves as a powerful tool designed to 
assist you in making more informed, 
confident diagnoses and treatment 
decisions. Risks due to partial or 
incomplete information are elimi- 
nated. If desired, full-disclosure of 
all monitored parameters, such as 
blood pressures, respiration and 
end tidal CO, can be provided to 
correlate arrhythmic events with 
other physiological effects. 

Why risk knowing anything less? 


Gt) SpaceLabs 


The Clinical Information Company 








































SpaceLabs, Inc., 4200 150th Avenue, N.E. 
PO. Box 97013, Redmond, WA 98073-9713 
(206) 882-3700 

Distribution worldwide: Offices in Munich, 
AMAAL LAAT London, Paris, Sydney © 1989, SpaceLabs, Inc. 
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Value of a Revised Procainamide Test in the Wolff- 
Parkinson-White Syndrome 

K. Atta Boahene, George J. Klein, Arjun D. Sharma, Raymond Yee, and 
Osamu Fujimura 


We evaluated the procainamide test for its ability to predict shortest 
preexcited RR interval >250 ms during atrial fibrillation in patients with 
the Wolff-Parkinson-White syndrome. Incremental doses of procain- 
amide (up to a cumulative dose of 1 g) were infused in 33 patients with the 
Wolff-Parkinson-White syndrome during sinus rhythm. The effect of 
procainamide on the anterograde effective refractory period of the acces- 
sory pathway was dose dependent; patients who lost preexcitation had a 
steeper dose-response curve. Loss of preexcitation by a cumulative dose of 
550 mg provided the optimal balance between sensitivity (60% ) and speci- 
ficity (89%) in identifying patients with preexcited SRR >250 ms. We 
conclude that the diagnostic accuracy of the procainamide test is critically 
related to dosage and method of infusion. 


oa i i sap OE Oe ee Na a ok ee ee A OA BI. Aaa 
Value of Programmed Ventricular Stimulation in the Evaluation 
and Management of Patients with Nonsustained Ventricular 
Tachycardia Associated with Coronary Artery Disease 

Antonis S. Manolis and N.A. Mark Estes, Ill 


Programmed ventricular stimulation with a standard protocol was per- 
formed in 52 patients with spontaneous nonsustained ventricular tachy- 
cardia (VT) associated with coronary artery disease; there were 44 men 
and 8 women, aged 66 + 9 years. The mean left ventricular ejection 
fraction was 41 + 14%. Nonsustained VT was asymptomatic in 10 pa- 
tients (19%), while the arrhythmia was detected during evaluation of 
palpitations in 5 patients (10%), presyncope in 11 (21%) and syncope in 26 
patients (50%). All patients were tested in the drug-free state and were 
classified as having no inducible VT (31 patients, group I), or an inducible 
arrhythmia (21 patients, group II). The age, gender, type of heart disease, 
symptoms and left ventricular ejection fraction were similar in both 
groups, except for a higher overall incidence of syncope in group I. Group I 
patients received no therapy, while group II patients received antiarrhyth- 
mic therapy guided by electropharmacologic testing. At 21 + 17 months, 
there was no sustained VT occurrence in either group. One sudden death 
occurred in group I; 1 patient died of heart failure and 1 patient died of 
stroke. In group II patients 6 deaths occurred (4 nonsudden cardiac and 2 
noncardiac deaths). We conclude that in patients with clinical nonsus- 
tained VT associated with coronary artery disease the incidence of signifi- 
cant arrhythmic events is low in patients without therapy with no inducible 
arrhythmia, and in those with an inducible arrhythmia with therapy 
guided by electrophysiologic testing. 
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verapamil HCI 


SUSTAINED-RELEASE CAPLETS 


BRIEF SUMMARY 

Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
< 90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 2nd- or 3rd- 
degree AV block (if no pacemaker is present), atrial flutter/fibrillation with'an accessory bypass tract 


*In mild to moderate hypertension. 


Phenobarbital may increase verapamil clearance. Verapamil may increase serum levels of cyclosporin 
Concomitant use of inhalation anesthetics and calcium antagonists needs careful titration to avoid 
excessive cardiovascular depression, Verapamil may potentiate the activity of neuromuscular blocking 
agents (curare-like and depolarizing); dosage reduction may be required. Adequate animal carcinogen- 


icity studies have not been performed. One study in rats did not suggest a tumorigenic potential, and 
verapamil was not mutagenic in the Ames test. Pregnancy Category C. There are no adequate and 
well-controlled studies in pregnant women. This drug should be used during pregnancy, labor, and 


L (eg, WPW or LGL syndromes), hypersensitivity to verapamil. 
| Warnings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection fraction 
< 30%) or moderate to severe symptoms of cardiac failure and in patients with any degree of 


ventricular dysfunction if they are receiving a beta-blocker. Control milder heart failure with optimum 
digitalization and/or diuretics before Calan SR is used. Verapamil may occasionally produce hypotension. 
Elevations of liver enzymes have been reported, Several cases have been demonstrated to be produced 
by verapamil. Periodic monitoring of liver function in patients on verapamil is prudent. Some patients 
with paroxysmal and/or chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or 
LGL syndromes) have developed an increased antegrade conduction across the accessory pathway 
bypassing the AV node, producing a very rapid ventricular response or ventricular fibrillation after 
receiving |.V. verapamil (or digitalis). Because of this risk, oral verapamil is contraindicated in such 
patients, AV block may occur (2nd- and 3rd-degree, 0.8%). Development of marked 1st-degree block 
or progression to 2nd- or 3rd-degree block requires reduction in dosage or, rarely, discontinuation and 
institution of appropriate therapy. Sinus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary 
edema and/or severe hypotension were seen in some critically ill patients with hypertrophic cardio- 
myopathy who were treated with verapamil. 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic function (in 
severe dysfunction use about 30% of the normal dose) or impaired renal function, and patients should 
be monitored for abnormal prolongation of the PR interval or other signs of overdosage. Verapamil 
may decrease neuromuscular transmission in patients with Duchenne’s muscular dystrophy and may 
prolong recovery from the neuromuscular blocking agent vecuronium. It may be necessary to decrease 
verapamil dosage in patients with attenuated neuromuscular transmission. Combined therapy with 
beta-adrenergic blockers and verapamil may result in additive negative effects on heart rate, atrioven- 
tricular conduction and/or cardiac contractility; there have been reports of excessive bradycardia and 
AV block, including complete heart block. The risks of such combined therapy may outweigh the 
benefits. The combination should be used only with caution and close monitonng. Decreased 
metoprolol clearance may occur with combined use. Chronic verapamil treatment can increase serum 
digoxin levels by 50% to 75% during the first week of therapy, which can result in digitalis toxicity. In 
_. patients with hepatic cirrhosis, verapamil may reduce total body clearance and extrarenal clearance of 
7" digitoxin. The digoxin dose should be reduced when verapamil is given, and the patient carefully 
monitored. Verapamil will usually have an additive effect in patients receiving blood-pressure-lowering 
agents. Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
administration, Concomitant use of flecainide and verapamil may have additive effects on myocardial 
contractility, AV conduction, and repolarization. Combined verapamil and quinidine therapy in patients 
with hypertrophic cardiomyopathy should be avoided, since significant hypotension may result. 
Concomitant use of lithium and verapamil may result in a lowering of serum lithium levels or increased 
sensitivity to lithium. Patients receiving both drugs must be monitored carefully. Verapamil may increase 
carbamazepine concentrations during combined use. Rifampin may reduce verapamil bioavailability. 


delivery only if clearly needed. Verapamil is excreted in breast milk; therefore, nursing should be 
discontinued during verapamil use, 

Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension (2.5%), 
headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue (1.7%), dyspnea (1.4%), 
bradycardia: HR < 50/min (1.4%), AV block: total 1°,2°,3° (1.2%), 2° and 3° (0.8%), rash (1.2%), 
flushing (0.6%), elevated liver enzymes, The following reactions, reported in 1:0% or less of patients, 
occurred under conditions where a causal relationship is uncertain: angina pectoris, atrioventricular 
dissociation, chest pain, claudication, myocardial infarction, palpitations, purpura (vasculitis), syncope, 
diarrhea, dry mouth, gastrointestinal distress, gingival hyperplasia, ecchymosis or bruising, cerebro- 
vascular accident, confusion, equilibrium disorders, insomnia, muscle cramps, paresthesia, psychotic 
symptoms, shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macules 
sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gynecomastia, 
increased urination, spotty menstruation, impotence. 2/9/89 « A88-W5282V-1 
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References:1. Reinfrank J, Eckardt A, Schneider G, et al: Long-term efficacy and safety of 
verapamil SR 240 mg in hypertension. Acta Therapeutica 1989; 15:221-235. 2. Saunders E, 
Weir MR, Kong BW, et al: A comparison of the efficacy and safety of a beta blocker, calcium 
channel blocker, and converting enzyme inhibitor in hypertensive blacks. Arch Intern Med (to 
be published). 3. Speders S, Sosna J, Schumacher A, et al: Efficacy and tolerability of Isoptin 
SR in essential hypertension: Results of a phase IV study under practice conditions. Hochdruck 
1988:8:3-14. 4. Henry JA, Chester PC, Latham AN: Sustained-release verapamil or ateno 
lol in essential hypertension. J Drug Dev 1988;1:69-75. 5. Midtbo KA, Hols O, Lauve O: A 
new sustained-release formulation of verapamil in the treatment of hypertension. J Clin 
Hypertens 1986;3:125$-132S. 6. Bochsler JA, Simmons RL, Ward PJ, et al: Verapamil SR 
and propranolol LA: A comparison of efficacy and side effects in the treatment of mild to 
moderate hypertension. J Hum Hypertens 1988; 1:305-310. 
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Assessment of Hemodynamic Tolerance from a 24-Hour 
Intravenous Infusion of Fenoldopam Mesylate in Congestive 
Heart Failure 

Mark A. Munger, Joseph R. Benotti, Jeffrey A. Green, Robert C. Jarvis, 
Andrew R. Nara, Jane E. McCue, Robert A. Pospisil, and 

Richard J. Kasmer 





The invasive hemodynamic profiles of 33 patients with New York Heart 
Association functional class III to IV congestive heart failure were exam- 
ined during a 24-hour intravenous infusion of fenoldopam mesylate. The 
infusion was titrated to an optimal cardiac index (225% above baseline). 
Fenoldopam mesylate augmented cardiac index and stroke volume index 
while decreasing systemic vascular resistance, left ventricular filling pres- 
sure and mean arterial pressure. Attenuation of the hemodynamic effect 
was noted. None of the parameters exhibited complete attenuation to 
baseline values. Fenoldopam mesylate demonstrates relative attenuation 
of pharmacodynamic effect during a 24-hour intravenous infusion. 
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Hemodynamic and Renal Effects of Atrial Natriuretic Peptide 
in Congestive Heart Failure 

Michael A. Fifer, Cesar R. Molina, Antonio C. Quiroz, Thomas D. Giles, 
Howard C. Herrmann, Ivan R. De Scheerder, Denis L. Clement, 

Spencer Kubo, Robert J. Cody, Jay N. Cohn, and Michael B. Fowler 


The effects of anaritide (human atrial natriuretic peptide 102-126), a 
synthetic analog of atrial natriuretic peptide, were evaluated in 35 patients 
with heart failure. In response to 1-hour infusions at rates of 0.03 to 0.3 
ug/kg/min, there were decreases in mean systemic arterial, pulmonary 
arterial and pulmonary artery wedge pressures. Cardiac index increased, 
and heart rate was unchanged. Urine volume, sodium excretion and frac- 
tional excretion of sodium increased, while potassium excretion and creati- 
nine clearance did not change. In response to 2-hour infusions at rates of 
0.03 to 0.6 ug/kg/min, mean systemic arterial pressure and plasma nor- 
epinephrine concentration decreased, while urine volume, sodium excre- 
tion and fractional excretion of sodium increased. We conclude that short- 
term infusion of anaritide produces improvement in hemodynamics and 
renal function in patients with heart failure. 
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Ten-Year Results with the St. Jude Medical Prosthesis 

Chandra K. Nair, Syed M. Mohiuddin, Daniel E. Hilleman, Richard Schultz, 
Robert T. Bailey, Jr., Cornelia T. Cook, and Michael H. Sketch, Sr. 


Of the 165 patients who underwent valve replacement with St. Jude 
prostheses at our institution, 147 were treated with warfarin. Prothrombin 


time 1.3 to 1.8 times control (range 15 to 20 seconds) was maintained in 


Continued on page A37 


A34 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


Introducing 


THERAPY 


DELAYED-RELEASE 
@ ENTERIC ASPIRIN 325 mg Caplets 


Prophylaxis Perfected 


Now, your post-MI patients can get the 
benefits of Genuine BAYER® Aspirin with 
the added safety of a new enteric-coated 
formulation. Therapy BAYER reduces the 
risk of second heart attack by inhibit- 

ing platelet aggregation. In addition, 

it spares the gastric mucosa by dis- 


For professional labeling, please see reverse side. 


solving predictably in the intestinal lumen. 
And, Therapy BAYER is priced to cost up 
to 25% less per day than Ecotrin® Caplets. 
Therapy BAYER — a perfect addition 
to The Bayer Company’s ongoing 
commitment to your patients’ 
cardiovascular health. 


© 1989, Glenbrook Laboratories 




















ACADEMIC 
CARDIOLOGIST 


A faculty position will be available in the 
Section of Cardiology at the University of 
Arizona, 1 July 1990. The successful ap- 
plicant should be a trained electrophysiol- 
ogist, who is board certified or eligible in 
cardiology. Rank and salary commensu- 
rate with experience. Send curriculum vi- 
tae to 


Gordon A. Ewy, M.D., Chief 
Section of Cardiology 
University of Arizona College of Medicine 
1501 N. Campbell Avenue 
Tucson, Arizona 85724 


Closing date February 1, 1990, or until 
filled. The University of Arizona is an Equal 
Opportunity/Affirmative Action Employer. 
Women and minorities are encouraged to 


apply. 








INVASIVE AND/OR NON-INVASIVE CARDI- 
OLOGISTS—Marshfield Clinic, a 325-physician 
multi-specialty group, is seeking invasive and/or 
non-invasive cardiologists to join its 13-member 
Cardiology Department. Currently more than 
2750 cardiac catheterizations, 600 open heart 
operations, 250 electrophysiology procedures, 
and 7500 color flow Doppler echoes are per- 
formed annually. This is an outstanding opportu- 
nity for BC/BE cardiologists. The position offers 
a starting salary of $140,000, superior fringe 
benefits, and full partnership in two years. Send 
CV with first letter to: W. Bruce Fye, M.D., 
Chairman, Department of Cardiology, Marsh- 
field Clinic, 1000 North Oak Avenue, Marsh- 
field, WI 54449. 


Academic Board Certified/Board Eligible Pulmonary Specialist to assume 
a full time position to direct our University-affiliated Veterans Administra- 
tion Medical Center Pulmonary Section in Lebanon, PA. Selected candidate 
must qualify for faculty appointment in the Department of Medicine at the 
Pennsylvania State School of Medicine at Hershey, PA. Responsibilities 
include: teaching, research, patient care, supervision of University house 
staff and medical students. Starting date negotiable. Candidate should sub- 
mit a CV to J. P. Sinha, M.D., Chief, Medical Service, VA Medical Center, 
South Lincoln Avenue, Lebanon, PA 17042. Equal Opportunity Employer. 











Brief Summary 

Therapy BAYER® Aspirin 

Delayed-Release Enteric Aspirin (Acetylsalicylic Acid) Caplets to Help 
Reduce the Risk of Second MI or MI in Unstable Angina 


DOSAGE AND ADMINISTRATION: 

Although most of the studies used dosages exceeding 300 mg, two trials 
used only 300 mg daily, and pharmacologic data indicate that this dose 
inhibits platelet function fully. Therefore, 300 mg or a conventional 325 
mg aspirin dose daily is a reasonable routine dose that would minimize 
gastrointestinal adverse reactions. This use of aspirin applies to both solid 
oral dosage forms (buffered and plain aspirin) and buffered aspirin in 
solution. 


CARDIOVASCULAR AND BIOCHEMICAL: 

In the AMIS trial, the dosage of 1,000 mg per day of aspirin was associ- 
ated with small increases in systolic blood pressure (BP) (average 1.5 to 
2.1 mm) and diastolic BP (0.5 to 0.6 mm), depending upon whether max- 
imal or last available readings were used. Blood urea nitrogen and uric 
acid levels were also increased but by less than 1.0 mg percent. Subjects 
with marked hypertension or renal insufficiency had been excluded from 
the trial so that the clinical importance of these observations for such 
subjects or for any subjects treated over more prolonged periods is not 
known. It is recommended that patients placed on long-term aspirin 
treatment, even at doses of 300 mg per day, be seen at regular intervals 
to assess changes in these measurements. 


BIOAVAILABILITY: 

The bioavailability of aspirin from Therapy BAYER has been confirmed. In 
a single-dose study! in which plasma acetylsalicylic acid and salicylic 
acid levels were measured, measurable plasma concentrations were 
achieved within 15 minutes after dosing. Maximum concentrations were 
achieved at approximately five hours postdosing. Therapy BAYER, when 
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compared with plain aspirin, achieves maximum plasma salicylate levels 
not significantly different from plain, i.e., not enteric-coated, aspirin. 
Dissolution of the enteric coating occurs at a neutral-to-basic pH and is 
therefore dependent on gastric emptying into the duodenum. With con- 
tinued dosing, appropriate therapeutic plasma levels are maintained. 


SAFETY: 

The safety of enteric-coated aspirin has been demonstrated in a number 
of endoscopic studies comparing enteric-coated aspirin and plain aspi- 
rin, as well as plain buffered and “arthritis strength” preparations. In these 
studies, endoscopies were performed in healthy volunteers before and after 
either two-day or 14-day administration of aspirin doses of 3,900 or 4,000 
mg/day. Compared to all the other preparations, the enteric-coated aspi- 
rin produced significantly less damage to the gastric mucosa. There was 
also statistically less duodenal damage when compared with the plain, 
i.e., non-enteric-coated, aspirin. 


ADVERSE REACTIONS: 

Gastrointestinal reactions: Doses of 1,000 mg per day of aspirin caused 
gastrointestinal symptoms and bleeding that, in some cases, were clin- 
ically significant. In the largest postinfarction study (the Aspirin Myocardial 
Infarction Study [AMIS] with 4,500 people), the percentage of inci- 
dences of gastrointestinal symptoms for the aspirin (1,000 mg of a stan- 
dard, solid-tablet formulation) and placebo-treated subjects, respectively, 
were stomach pain (14.5%, 4.4%), heartburn (11.9%, 4.8%), nausea and/ 
or vomiting (7.6%, 21%), and hospitalization for GI disorder (4.9%, 3.5%). 
In the AMIS and other triais, aspirin-treated patients had increased rates 
of gross gastrointestinal bleeding. Symptoms and signs of gastrointes- 
tinal irritation were not significantly increased in subjects treated for 
unstable angina with buffered aspirin in solution. 


PROFESSIONAL WARNING: 
Occasional reports have documented individuals with impaired gastric 
emptying in whom there may be retention of one or more enteric-coated 


aspirin caplets over time. This phenomenon may occur as a result of out- 
let obstruction from ulcer disease alone or combined with hypotonic gastric 
peristalsis. Because of the integrity of the enteric coating in an acidic 
environment, these caplets may accumulate and form a bezoar in the 
Stomach. Individuals with this condition may present with complaints of 
early satiety or of vague upper abdominal distress. Diagnosis may be made 
by endoscopy or by abdominal films, which show opacities suggestive of 
a mass of small caplets.3 Management may vary according to the con- 
dition of the patient. Options include gastrotomy and alternating slightly 
basic and neutral lavage.4 While there have been no clinical reports, it 
has been suggested that such individuals may also be treated with par- 
enteral cimetidine (to reduce acid secretion) and then given sips of slightly 
basic liquids to effect gradual dissolution of the enteric coating. Prog- 
ress may be followed with plasma salicylate levels or via recognition of 
tinnitus by the patient. 


It should be kept in mind that individuals with a history of partial or com- 
plete gastrectomy may produce reduced amounts of acid and therefore have 
less acidic gastric pH. Under these circumstances, the benefits offered 
by the acid-resistant enteric coating may not exist. 


REFERENCES: 

1, Data on file, Glenbrook Laboratories. 2. Aspirin Myocardial Infarction 
Study Research Group: A randomized, controlled trial of aspirin in per- 
sons recovered from myocardial infarction. JAMA 1980;245:661-669. 3. 
Bogacz K, Caldron P: Enteric-coated aspirin bezoar: Elevation of serum 
Salicylate level by barium study. Am J Med 1987;83:783-786. 4. Baum J: 
Enteric-coated aspirin and the problem of gastric retention. J Rheumatol 
1984; 11:250-251, 
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134 patients with single and 1.8 to 2 times control (range 20 to 25 seconds) 
in 13 patients with double valve prostheses. The 10-year actuarial event- 
free incidence from thromboembolic and hemorrhagic complications was 
84 and 95%, respectively. Of the 8 patients receiving antiplatelet therapy 
alone, 4 had thromboembolic events. Of the 10 patients on neither warfa- 
rin nor antiplatelet therapy, 3 had thromboembolic events. The 10-year 
actuarial event-free incidence from valve failure was 95%. The 10-year 
actuarial patient survival was 55%. 
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CARDIOMYOPATHY 
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Assessment of Diastolic Filling Indexes Obtained 
by Radionuclide Ventriculography 

Ralph A.H. Stewart and William J. McKenna 


Radionuclide ventriculography is a useful technique for the noninvasive 
assessment of left ventricular diastolic filling. In this study the influence of 
residual volume and heart rate on different radionuclide indexes of diastol- 
ic filling was compared in patients with hypertrophic cardiomyopathy and 
normal subjects. The peak filling rate, measured in end-diastolic counts, 
was influenced by the residual volume and failed to detect impaired early 
diastolic filling in patients with hypertrophic cardiomyopathy. This was 
suggested by a prolonged time to 30% filling and time to peak filling rate, 
which were more sensitive measures of impaired early diastolic filling in 
hypertrophic cardiomyopathy than the first third filling fraction, which 
was strongly influenced by heart rate, and the peak filling rate measured in 
stroke volume counts/s, even though this index was not influenced by 
differences in residual volume. Recognition of the influence of factors 
other than left ventricular filling on certain radionuclide indexes allows 
improved selection and interpretation of indexes of left ventricular diastol- 
ic filling. 


CONGENITAL HEART DISEASE 


231 

Characteristics and Natural History of Abnormal Atrial 
Rhythms in Left Isomerism 

Kazuo Momma, Atsuyoshi Takao, and Toshimitsu Shibata 


Standard 15-lead electrocardiograms of 50 patients with left isomerism 
were studied with respect to atrial rhythms. Multiple atrial rhythms were 
present in 68%, and P waves with superiorly oriented mean frontal axis 
were present in 98%. Slow P rates (<the second percentile of normal heart 
rate) or junctional rhythms associated with slowing of atrial rate were 
recorded in 50%, either persistently or transiently and repeatedly. Slowing 
of the P rate was progressive. In patients with right isomerism and 5 other 
congenital heart diseases, slowing of the P rate was only rarely observed. 


Continued on page A41 
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Save d by Cordarone: 


(amiodarone HCl) 


Unprecedented efficacy 


Rated twice as effective as any current or 
experimental agent,! Cordarone has 
provided successful control of life- 
threatening VT/VF in 70% of patients 
who had failed conventional therapy.” 


Global effectiveness in 1030 patients with VT or 
VF studied in 18 centers for 6 to 36 months 


70% effective 


Reise et 30% ineffective 


Adapted from Heger JJ, et a/2 
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the most effective antiarrhythmic 


known to man 


...with virtually 
no effect on LVEF 


In contrast to other antiarrhythmics, 
Cordarone can effectively suppress 
ventricular arrhythmias in most CHF 
patients without causing significant 
adverse hemodynamic effects.3-> Oral 
doses of Cordarone do not depress LVEF 
during rest or exercise.® Occurrence of 
CHF is uncommon (3%) and rarely 
requires discontinuation of therapy. 


A manageable 
challenge... 


Cordarone® therapy is challenging and 
may entail frequent side effects that are 
sometimes potentially serious. Most 
adverse effects, however, are reversible 
with dose reduction or discontinuation. 
Thorough familiarity with the package 
insert is essential before prescribing 
Cordarone. 


Importantly, Cordarone has virtually no 
effect on LVEF. Although proarrhythmic 
potential is associated with all antiar- 
rhythmic agents, proarrhythmic potential 
of Cordarone is about 2-5%. 





..-With enduring 
quality-of-life benefits 


Responsive patients are usually controlled 
with low, once-daily maintenance dosage, 
often with reduction or elimination of 
concomitant medication. Exercise toler- 
ance is unchanged or increased,’ and 
symptoms such as chest pain and dyspnea 
often improve in patients with 
cardiomyopathy.’ 


References 

1. Naccarelli GV, Rinkenberger RL, Dougherty AH, et al: Amiodarone: 
Pharmacology and antiarrhythmicand adverse effects. Pharmacotherapy 
1985;5:298-313. 

2. Heger JJ, Prystowsky EN, Miles WM, et al: Clinical use and 
pharmacology of amiodarone. Med Clin North Am 1984;68:1339-1366. 
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antiarrhythmic effects of longterm treatment with amiodarone of patients 
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management of patients with hypertrophic cardiomyopathy. Am J Cardiol 
1984;54:802-810. 
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See important information on next page. 
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Cordarone® (amiodarone HCI) Tablets 


Indications and Usage: Indicated only for treatment of these documented, life-threatening recurrent ventricular 


arrhythmias, when thoy have not responded to documented adequate doses of other antiarrhythmics or when 
alternative agents could not be tolerated: recurrent ventricular fibrillation, recurrent hemodynamically unstable 
ventricular tachycardia. 


Cordarone“ should be used only by physicians familiar with and with access to use of all available modalities for 
treating recurrent life-threatening ventricular arrhythmias, and access to monitoring facilities, including in-hospital 
and ambulatory continuous electrocardiographic monitoring and electrophysiologic techniques. Because of the 

e pateni nature of arrhythmias treated, potential interactions with prior therapy, and potential exacerbation of 
arrhythmia, initiation of Cordarone therapy should be in the hospital. 


Contraindications: Contraindicated in severe sinus-node dysfunction causing marked sinus bradycardia: second- 
Bye dogres aati ad block, and when episodes of bradycardia have caused syncope (except when used 
with a pacemaker). 


Warnings 


Cordarone * is intended for use only in patients with the indicated life-threatening arrhythmias 
because its use is accompanied by substantial toxicity. d >) > 
Cordarone“ has several potentially fatal toxicities, the most apartan of which is pulmonary toxicity 
ee pneumonitis alveolitis\ that has resulted in clinically manifest disease at rates as high as 
0-15% in some series of patients with ventricular arrhythmias given doses around 400 mg/day, and 
as abnormal diffusion capacity without symptoms in a much higher percentage of patients. Pulmonary 
toxicity has been fatal about 10% of the time. Liver injury is common with Cordarone, but is usually 
mild and evidenced only by abnormal liver enzymes. Overt liver disease can occur, however, and has 
been fatal in a few cases. Like other antiarrhythmics, Cordarone can exacerbate the arrhythmia, eg. 
by making the arrhythmia less well tolerated or more difficult to reverse. This has occurred in 2-5% of 
patients in various series, and significant heart block or sinus bradycardia has been seen in 2-5%. All 
of these events should be manageable in the proper clinical setting in most cases. Although the 
frequency of such proarrhythmic events does not appear greater with Cordarone than with many other 
agents used in this population, the effects are prolonged when they occur. ; 
Even in patients at high risk of arrhythmic death, in whom the toxicity of Cordarone is an acceptable 
risk, Cordarone poses major management problems that could be life-threatening in a population at 
risk of sudden death, so that every effort should be made to utilize alternative agents first. 
The et of using Cordarone effectively and safely itself poses a igailican risk to patients. — 
Patients with the indicated arrhythmias must be hospitalized while the loading dose of Cordarone is 
given, and a response generally requires at least one week, usually two or more. Because absorption 
and elimination are variable, maintenance -dose selection is difficult, and it is not unusual to require 
dosage decrease or discontinuation of treatment. In a retrospective survey of 192 patients with 
ventricular tachyarrhythmias, 84 required dose reduction and 18 required at least temporary discon- 
tinuation because of adverse effects, and several series have reported 15-20% overall frequencies of 
discontinuation due to adverse reactions. The time at which a prodiowiy conrod life-threatening 
bbe heap will recur after discontinuation or dose adjustment is unpredictable, ranging from weeks to 
months. The patient is obviously at great risk during this time and may need prolonged lospitalization. 
Attempts to substitute other antiarrhythmic agents when Cordarone must be stopped will be made 
difficult by the gradually, but unpredictably, changing amiodarone body burden. A similar problem 
exists when Cordarone is not effective; it still poses the risk of an interaction with whatever subse- 
quent treatment is tried. 





























PULMONARY TOXICITY: Cordarone’ causes a syndrome of progressive dyspnea and cough with functional, radio- 
graphic. gallium-scan. and pathological data snowing a pulmonary interstitial process, sometimes called alveolitis, 
requency "a generaly been low, (2-7% in most published reports), but recent preliminary reports found 11—15% in 
patients treated for over a year on average and there is evidence of increasing frequency with time and/or Sally or 
cumulative dose. Although the syndrome is usually reversible when Cordarone is discontinued, with or withou 
steroid therapy, fatalities have occurred in about 10% of cases. Any new respiratory symptom in a patient on 
Cordarone should suggest possibility of pulmonary toxicity and lead to clinical and radiographic evaluation, with 
gallium-scan and pulmonary-function evaluation if needed. Particular care should be taken not to presume such 
ops are related to cardiac failure. Again, diffusion capacity appears to be the pulmonary-function test most 
likely to show abnormality. Evidence of toxicity should lead, at a minimum, to dose reduction, and preferably to drug 
withdrawal to establish reversibility. In some cases, rechallenge at a lower dose has not resulted in return of toxicity. 
Periodic chest X-rays and clinical evaluation (every 3-6 months) are recommended and baseline pulmonary- func- 
tion tests, including diffusion capacity, should be obtained. 
WORSENED ARRHYTHMIA: Cordarone’ can cause serious exacerbation of the presenting arrhythmia. a risk that 
may be enhanced by presence of concomitant antiarrhythmics. Exacerbation has been reported in about 2-5% in 
most series, and has included new ventricular fibrillation, incessant ventricular tachycardia, increased resistance to 
cardioversion, and polymorphic ventricular tachycardia associated with QT prolongation (Torsade de Pointes). 


In addition, Cordarone has caused symptomatic bradycardia or sinus arrest with suppression of escape foci in 2-4%. 


LIVER INJURY: Elevations of hepatic enzyme levels are rronuent in patients on Cordarone and in most cases are 
asymptomatic. If increase exceeds three times normal, or doubles in a patient with elevated baseline, consider 
discontinuation of Cordarone or dosage reduction. In a few cases in which biopsy was done, histology resembled 
that of alcoholic hepatitis or cirrhosis. Hepatic failure has been a rare cause of death in patients on Cordarone. 


Precautions: CORNEAL MICRODEPOSITS, IMPAIRMENT OF VISION 

Corneal microdeposits appear in most adults on Cordarone. They are usually discernible ony by slit-lamp 

examination, but give rise to symptoms such as visual halos or blurred vision in up to 10%. Corneal microdeposits 

ae reversible upon dose reduction or termination. Asymptomatic microdeposits are not a reason to reduce dose or 
iscontinue. 

PHOTOSENSITIVITY: Cordarone” has induced photosensitization in about 10%: some protection may be afforded by 

Sun-barrier creams or protective clothing. On long-term treatment, blue-gray discoloration of exposed skin may 

occur. Risk may be increased in patients with fair complexion or excessive sun exposure, and may be related to 

cumulative dose and duration of therapy 

THYROID ABNORMALITIES: Cordarone” inhibits peripheral conversion of thyroxine (T4) to triiodothyronine (T+), 

tending to cause somewhat increased thyroxine levels and increased levels of inactive reverse T,. and somewhat 

decreased levels of Ts. It also is a potential source of large amounts of inorganic iodine. 

Cordarone can cause hypothyroidism or hyperthyroidism. Thyroid function should be monitored at baseline and 


panahan particularly in any patient with history ot thyroid nodules. goiter or other ystanoton Hypothyroidism 
enti 


as been reported in 2-4% in most seres butin 8-10% in others and is probably best i ied by a finding of 
elevated TSH. Hypothyroidism is best managed by Cordarone dose reduction and/or thyroid hormone supplement 
However, therapy must be individualized, and it may be necessary to discontinue Cordarone in some patients. 
Hyperthyroidism occurs in about 2% of patients receiving Cordarone, but the incidence may be higher among 
pauents with prior inadequate dietary iodine intake. Cordarone-induced Ww fl 44 uSually poses a greater 

azard to the paien than nypoyrodiam because of ie fpeeaitty of arrhythmia breakthrough or aggravation. In 
fact, IF ANY NEW SIGNS OF ARRHYTHMIA APPEAR, THE POSSIBILITY OF HYPERTHYROIDISM SHOULD BE CON- 


abnormally elevated levels of serum T, RIA, and further elevations of serum T,. and a subnormal serum TSH level 
(using a sufficiently sensitive TSH assay). the finding of a flat TSH response to TRH is confirmatory of hyperthy- 
roidism and may be sought in equivocal cases. Since arrhythmia breakthroughs may accompany Cordarone-induced 
hyperthyroidism. aggressive medical treatment is indicated. including, if possible, dose reduction or withdrawal of 
Cordarone. The institution of ae drugs, beta-adrenergic blockers and/or temporary corticosteroid therap 
may be necessary. The action of antithyroid drugs may be especially pS hae in amiodarone-induced thyrotoxicoals 
because of substantial quanitities of preformed thyroid hormones stored in the gland. Radioactive iodine therapy is 
contraindicated because of the low radioiodine uptake associated with amiodarone-induced hyperthyroidism. i 
rence with thyroid surgery in this setting is extremely limited and this form of therapy runs the theoretical risk o 
Mipucing thyroid storm. Cordarone-induced hyperthyroidism may be followed by a transient period of hypothy- 
roidism 
HYPOTENSION POSTBYPASS: Rare occurrences of hypotension upon discontinuation of cardiopulmonary bypass 
pune open hear! Surgery in patients on Cordarone have been reported. 
LAB ORY TESTS; Elevations in liver enzymes (SGOT and SGPT) can occur. Regui monitor liver enzymes in 
t iver enzymes or hep- 
atomegaly, consider reducing maintenance dose or discontinuing. 
Cordarone alters the results of thyroid-function tests, causing increase in serum T, and serum reverse T, and 
decline in serum T, Despite these biochemical changes, most patients remain clinically euthyroid. 
DRUG INTERACTIONS: Ithough only a small number of drug-drug interactions with Cordarone have been explored 
termali most of these have shown such an interaction. The potential for other interactions should be anticipated, 
aly for drugs with potentially serious toxicity such as other antiarrhythmics. If such drugs are needed, their 

d be reassessed and, where appropriate, plasma concentration measured. In view of amiodarone’s long 
and variable half-life, potential for drug interactions exists not only with concomitant medication but with drugs 
administered after discontinuing Cordarone. 
Digitalis: Cordarone” in patients on digoxin regularly results in increase in serum digoxin that may reach 
toxic levels with resultant clinical toxicity: On initiation of Cordarone, need for digitalis therapy should be 
reviewed, and the dose reduced by approximately 50% or discontinued. If digitalis is continued, serum levels 
should be closely monitored and patients observed for clinical evidence of toxicity. These precautions probably 
should apply to digitoxin administration as well. 
Anticoagulants. Potentiation of warfarin-type anticoagulant response is almost always seen in patients on Cordarone 
and can result in serious or fatal bleeding. The dose of the anticoagulant should be reduced by one-third to 
one-half, and prothrombin times should be monitored closely. 


= AntiarrhythmicAgents Quinidine. procainamide. disopyramide and phenytoin have been used concurrently with 
~ Cordarone. There have been reports of increased steady-state levels of quinidine, procainamide and ana toin 
a 


during concomitant therapy with Cordarone. In general, any added antiarrhythmic should be initiated at a lower than 
usual dose with careful monitoring: 
Combination of Cordarone with other antiarrhythmic therapy should generally be reserved for patients with life- 
threatening ventricular arrhythmias who are incompletely responsive to a einge agent or incompletely responsive to 
Cordarone. marin transfer fo Cordarone the dose levels of previously administered agents should be reduced by 
30-50% several days after addition of Cordarone, when arrhythmia suppression should be beginning, The continued 
need for the other antiarrhythmic agent should be reviewed after the effects of Cordarone have been established, 
and discontinuation ordinarily should be attempted. If the treatment is continued, these patients should be particu- 
larly carefully monitored for adverse effects, especially conduction disturbances and exacerbation of tachyarrhyth- 
mias, as Cordarone is continued. In Cordarone patients who require additional antiarrhyhthmic therapy, the initial 
dose of such agents should be approximately half the usual recommended dose. 


Cordarone® should be used with caution in patients on beta blockers or calcium antagonists because of possible 
potentiation of bradycardia, sinus arrest and AV block: if necessary, Cordarone can be continued after insertion of a 
pacemaker in patients with severe bradycardia or sinus arrest. 
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SUMMARY OF DRUG INTERACTIONS WITH CORDARONE 


Concomitant Interaction Recommended Dose Reduction 
Dru Onset (days) Magnitude of Concomitant Dru 

Warfarin 3-4 Increases prothrombin time by 100% 41/3-1/2 

Digoxin 1 Increases serum concentration by 70% 41/2 

Quinidine 2 Increases serum concentration by 33% }1/3-1/2 (or discontinue) 
Procainamide <7 Increases plasma concentration 41/3 (or discontinue) 


by 55%; NAPA” concentration by 33% 


“NAPA = n-acetyl procainamide 


ELECTROLYTE DISTURBANCES: Since antiarrhythmic drugs may be ineffective or arrhythmogenic in patients with 
hypokalemia, correct any potassium or magnesium deficiency before beginning Cordarone. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: 

Cordarone® reduced fertility of male and female rats at 90 mg/kg/day (8 times highest recommended human 
maintenance dose). i EA i 

Cordarone“ caused a statistically significant, dose-related increase in incidence of thyroid tumors (follicular ade- 
noma and/or carcinoma) in rats. Incidence of thyroid tumors was greater than control even at lowest Cordarone level 
tested, ı.e., 5 mg/kg/day or approximately 1/2 the highest recommended human maintenance dose. Mutagenicity 
studies (Ames, micronucleus and | Sopen tests) with Cordarone were negative. l 

PREGNANCY: PREGNANCY CATEGORY C: Cordarone® has been shown to be embryotoxic (increased fetal resorp- 
tion and growth retardation) in rats given orally at 200 mg/kg/day (18 times maximum recommended maintenance 
dose). Similar findings have been noted in one strain of mice at 5 mg/kg/day Rep brasimalely 1/2 the maximum 
recommended maintenance dose) and higher, but not in a second strain nor in the rabbit at doses up to 100 
mg/kg/day (9 times maximum recommended maintenance dose). LAS 

Cordarone*’ should be used during pregnancy only if potential benefit to mother justifies unknown risk to fetus. 
LABOR AND DELIVERY: It is not known whether the use of Cordarone during labor or delivery has any immediate or 
delayed adverse effects. 

NURSING MOTHERS. Cordarone” is excreted in human milk, suggesting that breast-feeding could expose the 
nursing infant to a significant dose. Nursing offspring of lactating rats administered Cordarone have been shown to 
be less viable and have reduced body-weight gains. Therefore, when Cordarone is indicated, mothers should be 
advised to discontinue a ie 

PEDIATRIC USE: Safety and effectiveness of Cordarone” in children have not been established. 


Adverse Reactions: Adverse reactions have been very common in virtually all series of patients treated with 

Cordarone for ventricular arrhythmias and with rataliyely large doses (400 mg/day and above) they occurred in about 

three fourths of all patents, causing discontinuation in 7-18%. The most serious reactions are pulmonary toxicity, 

exacerbation of arrhythmia, and rare serious liver injury (See WARNINGS), but other adverse effects constitute 

important problems. They are often reversible with dose reduction and virtually always reversible with cessation of 

drug. Most adverse effects appear to become more frequent with continuous treatment beyond six months, 

although rates appear to remain relatively constant beyond one year. The time and dose relationships of adverse 

effects are under continued study. 

Neurologic problems are extremely common, occurring in 20-40% and include malaise and fatigue, tremor and 

involuntary movements, poor coordination and gait, and peripheral neuropathy: they are rarely a reason to stop 

therapy and may respond to dose reductions. 

Gastrointestinal complaints, most commony nausea, vomiting, constipation and anorexia, occur in about 25% but 

rarely enue discontinuation. They commonly occur during high-dose administration (i.€., loading dose) and usually 

respond to dose reduction or divided doses. 

Asymptomatic corneal microdeposits are present in Panay all adult patients who have been on drug for more than 

6 months. Some pauenis develop eye symptoms of halos, photophobia. and dry eyes. Vision is rarely atfected and 

drug discontinuation is rarely needed. 

Dermatological adverse reactions occur in about 15% with photosensitivity being most common (about 10%). 

Sunscreen and protection from sun exposure may be helpful, and drug discontinuation is not usually necessary 

Prolonged exposure to Cordarone‘ ee nln results in a blue-gray pigmentation, slowly and occasionally incom- 

pletely reversible on discontinuation of drug but of cosmetic importance only. Cardiovascular adverse reactions, 

other than exacerbation of arrhythmias, include the uncommon occurrence of congestive heart failure Br and 

bradycardia. Bradycardia usually responds to dosage reduction but may require a pacemaker for control. CHF rarely 

requires discontinuation. Cardiac conduction abnormalities occur infrequently and are reversible on discontinuation. 

Me uno side-effect rates are based on a retrospective study of 241 patients treated for 2-1,515 days (mean 
ays). ; 

The following side effects were each reported in 10-33%: Gastrointestinal: Nausea and vomiting 

The following side effects were each reported in 4-9%: 

Dermatologic: Solar dermatitis /photosensitivity 

Neurologic: Malaise and fatigue, tremor /abnormal involuntary movements, lack of coordination, abnormal gait/ 

ataxia, dizziness, paresthesias 

Gastrointestinal: Constipation, anorexia 

Ophthalmologic: Visual disturbances 

Hepatic: Abnormal liver-function tests 

Respiratory: Pulmonary inflammation or fibrosis 

The following side effects were each reported in 1-3%: 

Thyroid: Hypothyroidism, hyperthyroidism f 

Neurologic: Decreased libido, insomnia, headache, ae disturbances 

Cardiovascular: vergees ve heart failure, cardiac arrhythmias, SA node dysfunction 

Gastrointestinal: Abdominal pain 

Hepatic: Nonspecific hepatic disorders ; 

Other: Flushing, abnormal taste and smell, edema, abnormal salivation, coagulation abnormalities. 

The following side effects were each reported in less than 1%: . s 

Blue skin discoloration, rash, spontaneous ecchymosis, alopecia, hypotension and cardiac conduction abnormalities. 

Rare occurrences of hepatitis, cirrhosis, optic neuritis, epididymitis, vasculitis, pseudotumor cerebri, and thrombocy- 

topenia have been reported in patients receiving Cordarone. The relationship of these events to Cordarone therapy 

has not been definitely established 

In surveys of almost 5,000 patients treated in open U.S. studies and in published reports of Cordarone treatment, 

adverse reactions most frequently requiring discontinuation included pulmonary infiltrates or fibrosis, paroxysmal 

ventricular tachycardia, congestive heart failure and elevation of liver enzymes. Other symptoms causing discontinu- 

ations less often included visual disturbances, solar dermatitis, blue skin discoloration, hyperthyroidism and 

hypothyroidism. 

yates Tee have been 3 reported cases of overdose in which 3-8 prams were taken. There were no deaths or 

permanent sequelae. Animal studies indicate Cordarone has a high oral LD..(>3,000 mg/kg). In addition to general 

Supportive measures, patient's cardiac rhythm and blood pressure should be monitored, and if bradycardia ensues, a 

3-adrenergic agonist or a pacemaker may be used. Hypotension with inadequate tissue perfusion should be treated 

with positive inotropic and/or vasopressor agents. Neither Cordarone nor its metabolite is dialyzable. 


Dosage and administration 
BECAUSE OF THE UNIQUE PHARMACOKINETIC PROPERTIES, DIFFICULT DOSING SCHEDULE. AND SEVERITY OF 
THE SIDE EFFECTS IF PATIENTS ARE IMPROPERLY MONITORED, CORDARONE SHOULD BE ADMINISTERED ONLY 
BY PHYSICIANS EXPERIENCED IN TREATMENT OF LIFE-THREATENING ARRHYTHMIAS WHO ARE THOROUGHLY 
FAMILIAR WITH RISKS AND BENEFITS OF CORDARONE THERAPY, AND WHO HAVE ACCESS TO LABORATORY 
FACILITIES CAPABLE OF ADEQUATELY MONITORING EFFECTIVENESS AND SIDE EFFECTS OF TREATMENT. To ensure 
an antiarrhythmic effect will be observed without waiting several months, loading doses are required. A uniform, 
fa Pasage Sengon for Cordarone has not been determined. Individual patient titration is suggested according 
O TONHOWINg QUIOEINES. 
For Apeh A aian ventricular arrhythmias. e.g.. ventricular fibrillation or hemodynamically unstable ventricular tachycar- 
dia: Close monitoring of the patient is indicated during loading phase, particularly until risk of recurrent ventricular 
tachycardia or fibrillation has abated. Because of serious nature of the arrhythmia and lack of predictable time 
course of effect, loading should be performed in a hospital setting. Loading doses of 800-1,600 mg/day are required 
for 1-3 weeks (occasionally longer) until initial therapeutic response occurs. (Administration of Cordarone in divided 
doses with meals is suggested for total daily doses of 1000 mg or higher, or when gastrointestinal intolerance 
occurs.) If side effects become excessive, dose should be reduced. Elimination of recurrence of ventricular fibrillation 
and tachycardia usually occurs within 1-3 weeks, along with reduction in complex and total ventricular ectopic beats. 
Upon starting Cordarone, attempt should be made to gradually discontinue pror ee drugs (see section 
on “Drug meraca] When adequate arrhythmia control is achieved, or if side effects become prominent. 
Cordarone dose should be reduced to 600-800 mg/day for one month and then to the maintenance dose. usually 400 
mg/day (See “Clinical Pharmacology”-"Monitoring Effectiveness” in package insan), Some patients may require 
larger maintenance doses, up to 60 mg/day, and some can be controlled on lower doses. Cordarone ® may be 
administered as a single daily dose, or in patients with severe gastrointestinal intolerance, as a b.i.d. dose. In each 
pen the chronic maintenance dose should be determined acconing to antiarrhythmic effect as assessed 

y symptoms, Holter recordings, and/or programmed electrical stimulation and by patient tolerance. Plasma con- 
centrations may be helpful in evaluating nonresponsiveness or unexpectedly severe toxicity. (See “Clinical 
rarmac ogy in package insert), } A 
The lowest effective dose should be used to prevent occurrence of side effects. In all instances, the physician 
must be guided by severity of individual patient's i popa and response to hoper 4 When dosage adjust- 
ments are necessary, patient should be closely monitored for an extended period of time because of ong anya 
variable half-life of Cordarone and difficulty in predicting time required to attain new steady-state level. Dosage 
suggestions are summanized below: 


Loading Dose (Daily) 
1-3 weeks 
800-1.600 mg 


Consult full package insert before use. 
How Supplied: 200 mg tablets, bottles of 60 and REDIPAK® cartons of 100. 


Manufactured for Wyeth Laboratories Inc., Philadelphia, PA 19101 by Sanofi, S.A., 
Paris, France, by arrangement with Sanofi Pharmaceuticals, Inc. 


Adjustment and Maintenance Dose (Daily) 
—1 month usual maintenance 
600-800 mg 400 mg 


Ventricular 
Arrhythmias 
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We analyzed changes in Doppler-derived parameters of left ventricular 
(LV) diastolic filling flow and hemodynamic variables during the lower 
body positive and negative pressure method, which has 5 steps. The peak 
velocity of LV early diastolic filling flow and mean pulmonary capillary 
wedge pressure changed stepwise with lower body pressure in an almost 
parallel fashion. The peak velocity of LV late diastolic filling flow was less 
changed during the procedures. Changes in pulmonary wedge pressure 
correlated with those in the peak velocity of LV early diastolic filling flow 
during lower body pressure of —20 mm Hg. These data suggest that left 
atrial pressure is one of the important determinants of LV early diastolic 
filling in this setting. 
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For many 
hypertensive patients 


THERAPY THAT 
MAY BE AS 
SILENT AS 
HYPERTENSION 
ITSELF 


VASOTEC” (Enalapril Maleate, MSD) 
is generally well tolerated and 
not characterized by certain 
undesirable effects associated 
with selected agents in other 
antihypertensive classes. 


VASOTEC is contraindicated in patients who are 
hypersensitive to this product and in patients with a 
history of angioedema related to previous treatment 
with an ACE inhibitor. 


For a Brief Summary of Prescribing Information, please 
see the last page of this advertisement. 


Copyright © 1989 by Merck & Co., INC. 
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~ seduction and/or discontinuation of the diuretic and/or VASOT 


- function. (See DOSAGE AND A 


(ENALAPRIL MALEATE| MSD) 


VASOTEC is available in 2.5-mg, 5-mg, 10-mg, and 20-mg tablet strengths. 


Contraindications: VASOTEC (Enalapril Maleate, MSD) is contraindicated in patients who are hypersensitive to 
this product and in patients with a history of angioedema related to previous treatment with an ACE inhibitor. 


seeing ha joedema: Angioedema of the face, extremities, lips, tongue, glottis, and/or larynx has been reported in 
patients treated with ACE inhibitors, including VASOTEC. In such cases, OTEC should be promptly discontinued 
and the patient areuy observed until the see disappears. In instances where swelling has been confined to the 
face and lips, the condition has generally resolved without treatment, alin antihistamines have been useful in 
relieving symptoms. Angioedema associated with laryngeal edema may be fatal. Where there is involvement of 
the tongue, glottis, or ib likely to cause airway obstruction, appropriate jean: e.g., subcutaneous 
Hse NSy solution 1:1000 (0.3 mL to 0.5 mt), should be promptly administered. (See ADVERSE 


Hypotension: Excessive hypotension is rare in uncomplicated hypertensive patients treated with VASOTEC alone. 
Patients with heart failure given VASOTEC commonly have some reduction in blood pressure, especially with the first 
dose, but discontinuation of therapy for continuing symptomatic hypotension usually is not necessary when dosing 
instructions are followed: caution should be observed when initiating therapy. (See DOSAGE AND ADMINISTRA- 
TION.) Patients at risk for excessive hypotension, sometimes associated with oliguria and/or progressive azotemia 
and rarely with acute renal failure and/or death, include those with the following conditions or characteristics: heart 
failure, hyponatremia, high-dose diuretic therapy, recent intensive diuresis or increase in diuretic dose, renal dialysis, 
or severe volume and/or salt depletion of any etiology. It may be advisable to eliminate the diuretic (except in patients 
with heart wep reduce the diuretic dose, or increase salt intake cautiously before initiating therapy with V OTEC 
in patients at risk for excessive poe who are able to tolerate such adjustments. (See PRECAUTIONS, Drug 
Interactions and ADVERSE REACTIONS.) In patients at risk for excessive hypotension, therapy should be started under 
very close medical supervision and such patients should be followed closely for the first two weeks of treatment and 
whenever the dose of enalapril and/or diuretic is increased. Similar considerations may apply to patients with isch- 
emic heart disease or cardiovascular disease in whom an excessive fall in blood peossure could result in a myocardial 
infarction or cerebrovascular accident. If excessive hypotension occurs, the patient should be placed in the supine 
position and, if necessary, receive an intravenous infusion of normal saline. A transient hypotensive response is not a 
contraindication to further doses of VASOTEC, which usually can be given without difficulty once the blood pressure 
has stabilized. If symptomatic hypotension develops, a dose reduction or discontinuation of VASOTEC or concomitant 
diuretic may be necessary. 


Neutropenia/Agranulocytosis: Another ACE inhibitor, yg has been shown to cause agranulocytosis and bone 
marrow depression, rarely in uncomplicated patients but more fre ktd in patients with renal impairment, especially 
if they also have a collagen vascular disease. Available data from clinical trials of enalapril are insufficient to show that 
enalapril does not cause agranulocytosis at similar rates. Foreign marketing experience has revealed several cases of 
neutropenia or agranulocytosis in which a causal relationship to enalapril cannot be excluded. Periodic monitoring of 
white blood cell counts in patients with collagen vascular disease and renal disease should be considered. 


Precautions: General: Impaired Renal Function: As a consequence of inhibiting the renin-angiotensin-aldosterone 
system, changes in renal function may be anticipated in susceptible individuals. In patients with severe heart failure 


` whose renal function may ah on the activity of the renin-angiotensin-aldosterone system. treatment with ACE 


inhibitors, including VASOTE 
renal failure and/or death. 


In clinical studies in hypertensive patients with unilateral or bilateral renal artery stenosis, increases in blood urea 
nitrogen and serum creatinine were observed in 20% of patients. These increases were almost always reversible upon 
discontinuation of enalapril and/or diuretic therapy. In such patients, renal function should be monitored during the 
first few weeks of therapy 


Some patients with hypertension or heart failure with no apparent preexisting renal vascular disease have developed 

increases in blood urea and serum creatinine, usually minor and transient, especially when VASOTEC has been given 

concomitantly with a diuretic. This is more likely to occur in pee with preexisting renal impairment. Dosage 
C may be required. 


tients with hpertansion or heart failure should always include assessment of renal 
MINISTRATION.) 


Hyperkalemia: Elevated serum potassium (>5.7 mEq/L) was observed in approximately 1% of hypertensive patients 
in clinicai trials. In most cases these were isolated values which resolved despite continued therapy. Hyperkalemia 
was a cause of discontinuation of therapy in 0.28% of hypertensive patients. In clinical trials in heart failure, hyper- 
kalemia was observed in 3.8% of patients, but was not a cause for discontinuation 


Risk factors for the development of hyperkalemia include renal insufficiency, diabetes mellitus. and the concomitant 
use of “la oa diuretics, potassium supplements, and/or potassium-containing salt substitutes, which 
should be used cautiously, if at all. with VASOTEC. (See Drug Interactions.) 


Surgery/Anesthesia: In patients undergoing major surgay or during anesthesia with agents that produce hypotension, 
enalapril may block angiotensin II formation secondary to compensatory renin release. If hypotension occurs and is 
considered to be due to this mechanism, it can be corrected by volume expansion. 


Information for Patients: 


ioedema: Angioedema, including laryngeal edema, may occur especially following the first dose of enalapril. 
Patients should De so advised and told to report Annee any signs or pane Suggesting angioedema (swell- 
ing of face, extremities, eyes, se, tongue, difficulty in swallowing or breathing) and to take no more drug until they 
have consulted with the prescribing physician. 


lension: Patients should be cautioned to report | er pune especially during the first few cays of therapy. If 
actual syncope occurs. the patients should be told to discontinue the drug until they have consulted with the prescrib- 


ing physician. 


All patients should be cautioned that excessive perspiration and dehydration may lead to an excessive fall in blood 
pressure because of reduction in fluid volume. Other causes of volume depletion such as vomiting or diarrhea may 
also lead to a fall in blood pressure: patients should be advised to consult with the physician 


Hyperkalemia: Patients should be told not to use salt substitutes containing potassium without consulting their 
physician. 


Neutropenia: Patients should be told to report promptly any indication of infection (e.g., sore throat, fever) which may 
be a sign of neutropenia. 


NOTE: As with many other drugs. certain advice to patients being treated with enalapril is warranted. This information 
pale yartou a in the safe and effective use of this medication. It is not a disclosure of all possible adverse or 
intended effects. 


Drug Interactions: 


Hypotension: Patients on Diuretic Therapy: Patients on diuretics and especially those in whom diuretic therapy was 
recently instituted may occasionally experience an excessive reduction of blood pressure after initiation of tarapy 
with enalapril. The ieee gi hypotensive effects with enalapril can be minimized by either discontinuing the 
diuretic or increasing the salt intake prior to initiation of treatment with enalapril. If it is necessary to continue the 
diuretic, provide close medical supervision after the initial dose for at least two hours and until blood pressure has 
stabilized for at least an additional hour. (See WARNINGS and DOSAGE AND ADMINISTRATION.) 


Agents cann Renin Release: The antihypertensive effect of VASOTEC is augmented by antihypertensive agents that 
cause renin release (e.g., diuretics). 


Other Cardiovascular Agents: VASOTEC has been used concomitantly with beta-adrenergic-blocking agents, methyl- 
oopa, pran, en agents, hydralazine. prazosin, and digoxin without evidence of clinically significant 
adverse interactions. 


Agents Increasing Serum Potassium: VASOTEC attenuates potassium loss caused by thiazide-type diuretics. 
Potassium-sparing diuretics (e g. spironolactone, triamterene, or amiloride), potassium supplements. or 
tassium-containing salt substitutes may lead to significant increases in serum potassium. Therefore, if concomi- 
int use of these agents is indicated because of demonstrated hypokalemia, they should be used with caution and 
with frequent monitoring of serum ene Potassium-sparing agents should generally not be used in patients 


with heart failure receiving VASOTE 


Lithium: Lithium toxicity has been reported in patients opal lithium concomitantly with drugs which cause elim- 
ination of sodium, including ACE inhibitors. A few cases of lithium toxicity have been reported in patients receivin 
concomitant VASOTEC and lithium and were reversible upon discontinuation of both rugs It is recommended tha 
serum lithium levels be monitored frequently if enalapril is administered concomitantly with lithium. 


Pregnancy- Category C: There was no fetotoxicity or teratogenicity in rats treated with up to 200 mg/kg/day of enalapril 
(333 times the maximum human dose). Fetotoxicity, expressed as a decrease in average fetal weig t, occurred 
in rats given 1200 mg/kg/day of enalapril but did not occur when these animals were supplemented with saline. 
Enalapril was not teratogenic in rabbits. However, maternal and fetal toxicity occurred in some rabbits at doses of 
1 mg/kg/day or more. Saline supplementation prevented the maternal and fetal toxicity seen at doses of 3 and 10 mg/ 
kg/day, but not at 30 mg/kg/day (50 times the maximum human dose). 


Radioactivity was found to cross the placenta following administration of labeled enalapril to pregnant hamsters. 
There are no adequate and well-controlled studies of enalapril in pregnant women. However, data are available that 


may be associated with oliguria and/or progressive azotemia and rarely with acute 


Evaluation of 


show enalapril crosses the human placenta. Because the risk of fetal toxicity with the use of ACE inhibitors has not 
been clearly defined, VASOTEC® (Enalapril Maleate, MSD) should be used during pregnancy only if the potential ben- 
efit justifies the potential risk to the fetus. 


Postmarketing experience with all ACE inhibitors thus far suggests the following with ye be to i re outcome. 

Inadvertent exposure limited to the first trimester of pregnancy has not been reported to affect fetal outcome adversely. 

fir exposure Cut the second and third trimesters of pregnancy has been associated with fetal and neonatal mor- 
idity and mortality. 


When ACE inhibitors are used during the later stages of pregnancy. there have been reports of hypotension and 
decreased renal perfusion in the newborn. Oligohydramnios in the mother has also been reported, presumably repre- 
senting decreased renal function in the fetus. Infants exposed sn utero to ACE inhibitors should be closely observed 
for hypotension, oliguria, and nypa ama a oliguria occurs, attention should be directed toward support of blood 
pressure and renal perfusion with the administration of fluids and pressors as appropriate. Problems associated with 
prematurity such as tony ductus arteriosus have occurred in association with maternal use of ACE inhibitors, but it 
is not clear whether they are related to ACE inhibition, maternal hypertension, or the underlying prematurity. 


Nursing Mothers: Milk in lactating rats contains radioactivity following administration of '*C enalapril maleate. It is not 


known whether this fae secreted in human milk. Because many drugs are secreted in human milk, caution should 
be exercised when VASOTEC is given to a nursing mother. 


Pediatric Use: Safety and effectiveness in children have not been established. 


Adverse Reactions: VASOTEC has been evaluated for safety in more than 10,000 patients. nehua over 1000 
atients treated for one year or more. VASOTEC has been found to be generally well tolerated in controlled clinical 
rials involving 2987 patients 


HYPERTENSION: The most frequent clinical adverse experiences in controlled trials were: headache (5.2%), dizziness 
(4.3%). and fatigue (3%) 

Other adverse experiences occurring in greater than 1% of patients treated with VASOTEC in controlled clinical trials 
were: diarrhea (1.4%), nausea (1.4%), rash (1.4%), cough (1.3%). orthostatic effects (1.2%), and asthenia (1.1%). 


HEART FAILURE: The most frequent clinical adverse experiences in both controlled and uncontrolled trials were: dizzi- 
ness Me Aragi (6.7%), orthostatic effects (2.2%), syncope (2.2%), cough (2.2%), chest pain (2.1%), and 
iarrnea (¢.1°%). 


Other adverse experiences occurring in greater than 1% of patients treated with VASOTEC in both controlled and 
uncontrolled clinical trials were: fatigue (1.8%). headache (1.8%), abdominal pain (1.6%), asthenia (1.6%). orthosta- 
tic hypotension (1.6%), vertigo Me o). ape pectoris (1.5%), nausea (1.3%), vomiting (1.3%), bronchitis (1.3%). 


dyspnea (1.3%), urinary tract infection (1.3%). rash (1.3%), and myocardial infarction (1.2%) 


Other serious Clinical adverse experiences gocan since the drug was marketed or adverse experiences occurrin 
in 0.5% to 1% of patients with hypertension or heart failure in clinical trials in order of decreasing severity within eac 
category: 

Cardiovascular: Cardiac arrest: myocardial infarction or cerebrovascular accident. possibly secondary to excessive 
hypotension in high-risk patients Mee WARNINGS, Hypotension): cardiac arrest; pulmonary embolism and infarction: 
rhythm disturbances; atrial fibrillation; palpitation. 


ne lleus, pancreatitis, hepatitis or cholestatic jaundice. melena. anorexia, dyspepsia. constipation. glossitis, 
stomatitis. 


Musculoskeletal: Muscle cramps. 

Nervous/Psychiatric: Depression, contusion. ataxia, somnolence. insomnia, nervousness. paresthesia 

Urogenital: Renal failure, oliguria, renal dysfunction (see PRECAUTIONS and DOSAGE AND ADMINISTRATION). 
Respiratory: Bronchospasm, rhinorrhea. sore throat and hoarseness, asthma, upper respiratory infection. 

Skin: Herpes zoster. urticaria, pruritus, alopecia, flushing, hyperhidrosis. 

Special Senses: Blurred vision, taste alteration, tinnitus. 


A symptom complex has been reported which may include a positive ANA, an elevated erythrocyte sedimentation rate, 
arthralgias/arthritis, myalgias, fever, serositis, vasculitis. leukocytosis, eosinophilia, photosensitivity, rash, and other 
dermatologic manifestations. 


Angioedema: Angioedema has been reported in patients receiving VASOTEC (0.2%). Angioedema associated with 
laryngeal edema may be fatal. If angioedema of the face, extremities. lips, tongue, glottis, and/or larynx occurs. treat- 
ment with VASOTEC should be discontinued and appropriate therapy instituted immediately. (See WARNINGS.) 


Hypotension: In the hypertensive patients, h otension occurred in 0.9% and syncope occurred in 0.5% of patients 
on the initial dose or during extended therapy. Hypotension or syncope was a cause for discontinuation of ther- 
apy in 0.1% of hypertensive patients. In heart failure patients. hypotension occurred in 6.7% and syncope occurred in 
2.2% of patients. Meer or syncope was a cause for discontinuation of therapy in 1.9% of patients with heart 
failure. (See WARNINGS.) 


Clinical Laboratory Test Findings: 
Serum Electrolytes: Hyperkalemia (see PRECAUTIONS), hyponatremia. 
Creatinine, Blood Urea Nitrogen: \n controlled clinical trials, minor increases in blood urea nitrogen and serum cre- 


atinine, reversible upon discontinuation of therapy, were observed in about 0.2% of patients with essential hyperten- 
sion treated with VASOTEC alone. Increases are more likely to occur in patients receiving concomitant diuretics or in 
patients with renal artery stenosis. (See PRECAUTIONS.) In patients with heart failure who were also receiving 
diuretics with or without digitalis, increases in blood urea nitrogen or serum creatinine. usually reversible upon dis- 
continuation of VASOTEC and/or other concomitant diuretic therapy. were observed in about 11% of patients. 
Increases in blood urea nitrogen or creatinine were a cause for discontinuation in 1.2% of patients. 


Hemoglobin and Hematocrit: Small decreases in hemoglobin and hematocrit (mean decreases of appro 
0.3 g% and 1.0 vol %, respectively) occur frequently in either hypertension or heart failure patients treated wit 
VASOTEC but are rarely of clinical importance unless another cause of anemia coexists. In clinical trials. less than 
0.1% of patients discontinued therapy due to anemia 


Other (Causal Relationship Unknown): \n marketing experience, rare cases of neutropenia. thrombocytopenia. and 
el marrow depression have been reported. A few cases of hemolysis have been reported in patients with G6PD 
eficiency. 


Liver Function Tests: Elevations of liver enzymes and/or serum bilirubin have occurred 


Dosage and Administration: Hypertension. In patients who are currently being treated with a diuretic, symptomatic 
hypotension occasionally may occur following the initial dose of VASOTEC. The diuretic should. if possible. be dis- 
continued for two to three wk before beginning therapy with VASOTEC to reduce the likelihood of hypotension. (See 
WARNINGS.) If the patient's blood pressure is not controlled with VASOTEC alone, diuretic therapy may be resumed. 


if the diuretic cannot be discontinued, an initial dose of 2.5 mg should be used under medical supervision for at least 
two hours and until blood pressure has stabilized for at least an additional hour. (See WARNINGS and PRECAU- 
TIONS, Drug Interactions.) 


The recommended initial dose in patients not on diuretics is 5 mg once a day. Dosage should be alee according 
to blood EON response. The usual dosage range is 10 to 40 mg per day administered in a single dose or in two 
divided doses. In some patients treated once daily, the antihypertensive effect may diminish toward the end of the 
dosing interval. In such patients. an increase in dosage or eit administration should be considered. If blood 
pressure is not controlled with VASOTEC alone, a diuretic may be added. 


Concomitant administration of VASOTEC with potassium supplements, potassium salt substitutes, or potassium- 
sparing diuretics may lead to increases of serum potassium (see PRECAUTIONS). 


Dosage Adjustment in Hypertensive Patients with Renal Impairment: The usual dose of enalapril is recommended for 
patients with a creatinine clearance > 30 mL/min (serum creatinine of up to approximately 3 a For patients 
with creatinine clearance = 30 mL/min (serum creatinine = 3 mg/dL), the first dose is 2.5 mg once daily. The dosage 
may be titrated upward until blood pressure is controlled or to a maximum of 40 mg daily. 


Heart Failure: VASOTEC is indicated as adjunctive therapy with diuretics and digitalis. The recommended startin 
dose is 2.5 mg once or twice daily. After the initial dose of VASOTEC, the patient should be observed under medica 
eee for at least two hours and until blood pressure has stabilized for at least an additional hour. (See WARN- 
INGS and PRECAUTIONS, Drug Interactions.) If possible, the dose of the diuretic should be reduced, which may 
diminish the likelihood of hypotension. The appearance of tates ee after the initial dose of VASOTEC does not 
preclude subsequent careful dose titration with the ag, fo n effective management of the hypotension. The 
usual therapeutic dosing range for the treatment of heart failure is 5 to 20 mg daily given in two divided doses. The 
maximum daily dose is 40 mg. Once-daily dosing has been effective in a controlled study, but nearly all patients in 
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Dose-Ranging Trial of Intravenous Streptokinase 
in Acute Myocardial Infarction 
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Intravenous streptokinase administration is now a 


widely applied therapy for patients in the early 
hours of acute myocardial infarction (AMI). The 
dosages used do not appear to be based on com- 
parative clinical investigations. Therefore a double- 
blind randomized trial was carried out to establish 
the optimal dose of streptokinase. A total of 189 
patients who had symptoms of AMI for <4 hours 
were treated with 200,000, 750,000, 1,500,000 
or 3,000,000 IU streptokinase intravenously. At 
coronary angiography 2.8 + 2.7 hours (mean + 
standard deviation) after the start of streptokinase 
infusion, patency of the infarct-related coronary ar- 
tery was observed in 38, 75, 60 and 82% of the 
patients, respectively, in the 4 groups. The result of 
the dosage of 200,000 IU was significantly poorer 
than that of the other dosages (p <0.01). The re- 
sult of a dosage of 3,000,000 IU was significantly 
better than that of 1,500,000 IU (p <0.05), but the 
differences with 750,000 IU were not significant. 
Blood transfusion was required in 4 patients (2%), 


_ distributed over the 4 groups in 0, 2, 1 and 1 of the 


patients. One patient had major bleeding; this pa- 
tient had been treated with 750,000 IU. The 3- 
month mortality-rate in the whole study population 
was 5%. Thus, of the 4 doses of streptokinase test- 
ed, 750,000 IU is the minimal therapeutic dosage, 
and the arguments for 1,500,000 IU as standard 
therapy for comparison with other fibrinolytic 
drugs are poor. The best results in this study were 
achieved with 3,000,000 IU, but further research 
will be needed to establish the efficacy and safety 
of this new regimen. 

(Am J Cardiol 1990;65:119-123) 
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ministration of streptokinase in the early phase of 

acute myocardial infarction (AMI) results in recan- 
alization of the infarct-related coronary artery, salvage 
of left ventricular function and reduction of mortality.! 
Intravenous streptokinase administration as a treatment 
for AMI has been applied since the early 1960s, but it 
required long-term infusion of millions of units during 
several hours or days. After the good results of intracor- 
onary administration of streptokinase, the intravenous 
infusion was reintroduced, but now as a short-term, 
high-dose infusion in the early hours of AMI.* This new 
application of streptokinase was not preceded by investi- 
gations of dose-response relations, as normally required 
for the introduction of new drugs. Schröder et al? pro- 
posed the infusion of 1,500,000 IU streptokinase in 1 
hour, based on their clinical experiences. This dosage 
became generally accepted and was applied in various 
studies.! In this double-blind, multicenter trial, we in- 
vestigated the effects of several dosages of intravenous 
streptokinase to establish the dose-response for efficacy 
and safety. 


I: has been clearly established that intravenous ad- 


METHODS 

Patients: Between March 1986 and August 1987, 
189 patients were included in the trial. The number of 
patients recruited in each center was 87 patients in 
Amersfoort, 19 in Breda, 40 in Nieuwegein and 33 in 
Utrecht. Male and female patients under 71 years of 
age who, on admission to the coronary care unit, had 
had symptoms of AMI for >30 minutes and <4 hours, 
whose symptoms could not be relieved by sublingual iso- 
sorbide dinitrate and who had ST-segment elevations of 
at least 1 mm in 2 of the 12 leads of the electrocardio- 
gram, were considered for inclusion. 

Exclusion criteria were any defect in hemostasis, in- 
cluding the use of anticoagulant drugs, recent surgery, 
history of cerebrovascular accident or recent trauma of 
the central nervous system, known severe renal insuffi- 
ciency, blood pressure >200 mm Hg systolic or 120 mm 
Hg diastolic, severe heart failure with pulmonary con- 
gestion on admission, malignancies except those of the 
skin and previous treatment with streptokinase. 

The patients and their relatives, if present, received a 
written and verbal explanation of the trial and gave ver- 
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Streptokinase dose X 1,000 IU 


Total no. of patients i 
Age (yrs) 5847 
Male gender (%) 25 
Cigarette smoker (%) 17 






Systolic blood pressure on admission (mm Hg) 137+23 
Diastolic blood pressure on admission (mm Hg) 79412 
Localization of ST elevations (%) 
Anterior 7 
Inferior 9 
Lateral and combinations 11 
Sum of ST elevations (%) 
<2 mm 0 
2 to <5 mm 9 
5 to <10 mm 6 
>10 mm 12 





bal consent in presence of a member of the nursing 
staff. The study protocol had been accepted by the ethi- 
cal committee and was considered in agreement with 
the Helsinki Declaration. 

Treatment: Every participating coronary care unit 
disposed of numbered boxes containing 4 apparently 
identical ampoules together with either 200,000 
(group A), 750,000 (group B), 1,500,000 (group C) or 
3,000,000 (group D) IU streptokinase (Kabikinase®; 
provided by Kabi Inc.). The contents were dissolved in 
50 ml of saline, and infused in 1 hour in a brachial vein 
using an infusion pump. The allocation number was 
noted on all sheets of the patient form. The infusion was 
immediately stopped in case of any allergic reaction or 
bleeding complication or decrease of the systolic blood 
pressure to <100 mm Hg. Steroid prophylaxis was not 
given. 

Angiography: Within 4 hours after the start of the 
infusion, coronary angiography was performed by Sones 
or Judkins technique. During the catheterization, 5,000 
IU of heparin was administered, and 2.5 mg of isosor- 
bide dinitrate was given sublingually. Angiography of 
the right coronary artery was done in at least 2 projec- 
tions and the branches of the left coronary artery in at 
least 3. Coronary angiography was filmed on 35 mm 
cinefilm. The films were subsequently forwarded to the 
central core angiographic laboratory to be assessed by 
cardiologists specializing in coronary angiography. This 
assessment was the primary endpoint of the study. 

Assessment of coronary angiograms: Each angio- 
gram was analyzed by 2 pairs of experienced indepen- 
dent cardiologists, blinded to clinical data apart from 
the electrocardiogram on admission. In the few cases 
where assessment differed, the film was reviewed again 
in the presence of the complete angiography assessment 
committee until consensus was achieved. The following 
data were coded: the probable infarct-related coronary 
artery segment described following the recommenda- 
tions of the World Health Organization,’ a visual esti- 
mation of the diameter reduction, the coronary segment 
that was involved and the degree of perfusion following 
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TABLE I Baseline Characteristics of Patients in the Four Groups 


All + data are mean + standard deviation. 






750 1,500 
54 56 ye 189 
oF 9 56+ 10 56 + 10 DE 9 
47 47 43 162 (86) 
41 42 34 134 (71) 
138+ 28 137 +26 142 +22 139425 
86+ 16 89+18 89+ 14 88+15 
17 22 14 60 (32) 
18 13 19 59 (31) 
19 21 19 70 (37) 
1 0 1 2 (1) 
14 8 7 38 (20) 
A A sd 56 (30) 
93 (49) 


the classification that was proposed by the Thrombo- 
lysis in Myocardial Infarction study group (grade 0 
= no perfusion, grade 1 = penetration with minimal 
perfusion, grade 2 = partial perfusion and grade 3 
= complete perfusion; detailed definitions are given by 
Sheehan et al).* “Patent” was defined as Thrombolysis 
in Myocardial Infarction grade II or III. The patency 
was classified on the first angiogram of the infarction- 
related artery. The extent of coronary artery disease 
was noted as 0-, 1-, 2- or 3-vessel disease. In a poor 
quality angiogram, patency was not classified. 

Anticoagulant regimen: After the catheterization 
the patient was taken back to the coronary care unit, 
where heparin infusion was started at a dosage of 1,000 
IU/hour and adjusted according to activated partial 
thromboplastin time determinations twice daily (aimed 
values 1.5 to 2 X control), until adequate anticoagula- 
tion with acenocoumarol, started on the day of admis- 
sion, was achieved. Coumarin was continued for at least 
3 months. Blood transfusions were given in case of a 
decrease of hemoglobin concentration below 6.0 mM/ 
liter. If necessary, hypovolemia could be treated by in- 
fusion of plasma substitutes. 

Follow-up treatment: All medication was noted on 
the trial form. Antiarrhythmic drugs were not given 
routinely. Salicylates were not prescribed. Analgesic 
drugs were given freely. Blood pressure, complications 
and all known side effects were followed during the clin- 
ical treatment. After 3 months the patient was seen at 
the outpatient department. Examination consisted 
of patient history, medication review, measurement of 
blood pressure and heart rate, electrocardiography and 
measurement of the ejection fraction by radionu- 
clide ventriculography with technetium-99m-labeled red 
blood cells. 

Laboratory investigations: Immediately before the 
start of the infusion and 24 hours thereafter, hemo- 
globin concentration and hematocrit were determined. 
Creatine phosphokinase and creatine phosphokinase- 
MB were determined before infusion, after 12 hours 
and after 24 hours, followed by determinations once 


daily until they had returned to normal values. In a se- 
lected number of patients, blood samples were taken by 
specialized laboratory personnel before streptokinase in- 
fusion and during heart catheterization. Blood was 
drawn after minimal venous congestion and after the 
first milliliters of blood had been discarded. Samples 
were collected in 0.1 volume citrate-containing plastic 
tubes, immediately placed in ice, centrifuged at 4°C, 
“snap” frozen and stored at —70°C for later analysis at 
the Gaubius Institute TNO in Leiden, the Netherlands. 

Data collection and statistics: All data except the 
streptokinase dosage were collected by means of a cod- 
ing form that was designed before the advance of the 
trial and that included relevant guidelines. Data han- 
dling and statistical analysis were centralized and car- 
ried out independently of the investigators as well as 
Kabi Inc. Correctness and concordance of the data were 
both checked. The data analysis was performed with 
SPSS-PC (SPSS Inc.). Statistical significance was as- 
sessed with the ż test. Two-tailed values were calculated. 
A p value <0.05 was considered significant. Differences 
were calculated at 95% confidence limits. Continuous 
variables were presented as mean + standard deviation. 


RESULTS 

Patients: Baseline characteristics of the patients in 
the 4 groups are listed in Table I. No significant differ- 
ences were found between the 4 groups. 

Angiographic data: In 9 of the 189 patients (5%) no 
angiogram was available for reviewing. In 4 patients an- 
giography was not performed, as events such as ventric- 
ular tachycardia (1), transient ischemic attack (1) or 
allergic reactions (2) had occurred. In 1 patient the 
catheterization procedure could not be completed due to 
a dissection of the iliac artery. Two patients refused to 
undergo catheterization and in 2 cases the catheteriza- 
tion room was not available. 

An interim analysis was performed on the angio- 
graphic data received until December 31, 1986 (91 pa- 
tients). Because patency in the 200,000 IU group ap- 
peared to be significantly lower (p <0.01) than that of 
the 3 other groups, randomization to this dose was dis- 
continued for ethical reasons. At the completion of the 
study, patency was demonstrated in group A, B, C and 
D in 38.4, 75.0, 60.3 and 81.6% of the patients, respec- 
tively. The confidence limits of these values are: 18 to 
56% for group A, 65 to 89% for group B, 47 to 74% for 
group C and 71 to 93% for group D. The difference 
between the patency rates in group C and D is signifi- 
cant (p <0.05); the difference between group B and C 
and between group B and D are not. A dose-response 
curve is shown in Figure 1. The detailed classification of 
coronary flow is listed in Table II. 

Time delay: The delay between onset of the symp- 
toms and start of the therapy was 2.5 + 1.6 hours, and 
was approximately equal in the 4 groups (2.7 + 2.4, 2.4 
+ 1.0, 2.7 + 2.1 and 2.4 + 0.9 hours, respectively). The 
delay from start of infusion until angiography amounted 
on average to 2.8 + 2.9, 2.8 + 2.4, 3.0 + 3.6 and 2.4 + 
1.1 hours, respectively; the association with patency 
rates is listed in Table III. The maximal patency rate 











TABLE Il Coronary Angiography (Perfusion Grade as per the 
TIMI Study) 


Group Total B,C,D 


Streptokinasedose 200 750 1,500 3,000 
x 1,000 IU 
TIMI O (%) 6 32 (21) 
TIMI I (%) 3 11 (7) 
TIMI II (%) 6 16 (10) 
Patency rate (%) aot. 2 72 
TIMI Ill (%) 34 95 (62) 
Subtotal 49 154 
Perfusion not 8 (5) 
classified (%) 
Total SEPN oZ 
* Patency in group A is significantly lower than in the other 3 groups; ' patency in 
group D is significantly higher than in group C. The other differences are not signifi- 
cant. For explanation of TIMI classification see Methods. 
TIMI = Thrombolysis in Myocardial Infarction. 


TABLE Ill Patency Rates in the Four Groups Stratified for 
the Time Interval Between the Start of Streptokinase Infusion 
Until Coronary Angiography 


Streptokinase dose 750 1,500 3,000 Total 


x 1,000 IU 

No. of hours angiography 
performed after start 
streptokinase (%) 
1 


Total (%) 


was observed when angiography was performed 2 to 3 
hours after the start of streptokinase infusion. 
Complications and side effects: One patient in 
group A had a temporary hematemesis. One patient in 
group B had severe bleeding in the lumbar spine, a few 
hours after the catheterization, with partial paralysis of 
the legs. One patient in group C had a retroperitoneal 
hematoma, and a large hematoma at the puncture site, 


Patency rate 


200,000 750,000 


1,500,000 
IU Streptokinase 


3,000,000 


FIGURE 1. Association between the dosage of streptokinase 
and patency rates at angiography 2.8 + 2.7 hours (mean + 
standard deviation) after the start of the infusion. The drawn 
line represents the mean patency of the 4 groups. The shaded 
area shows 95% confidence limits. 
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requiring blood transfusion. Streptokinase infusion was 
stopped in 1 other patient in group C, because of a loss 
of consciousness 15 minutes after the start of the infu- 
sion with complete recovery at neurologic examination 
within 1 hour. The reaction was classified as a transient 
ischemic attack. Larger hematomas at the puncture site 
occurred in 7, 9, 10 and 13% of the patients in the 4 
groups. Cerebral hemorrhage or hemopthysis did not 
occur. The total number of patients having 21 major 
complication was 6 (3%). 

A slight reduction in systolic blood pressure during 
streptokinase infusion was observed in all groups (mean 
decrease 13.9 + 15.6% in the total population, and 10.1 
+ 11.0, 10.4 + 18.1, 11.8 + 11.4 and 21.8 + 16.6% in 
groups A through D, respectively); the difference be- 
tween group C and D is significant (p = 0.011); the 
other differences are not significant. However, because 
no decrease in the systolic blood pressure to <100 mm 
Hg occurred, infusion of plasma was not required. 

Follow-up: In 15 patients (8%) significant Q-wave 
formation did not occur: 1 patient in group A (4%), 5 in 
group B (9%), 4 in group C (7%) and 5 in group D 
(10%). 

During the 3-month follow-up period 10 patients 
(5%) died: 2 in group A (7%), 2 in group B (4%), 3 in 
group C (5%) and 3 in group D (6%) (difference not 
significant). Two patients have gone abroad; they are 
thought to be alive. Reinfarction during the hospital 
stay occurred in 17 patients (8.9%): 0 in group A, 4 in 
group B (8%), 7 in group C (13%) and 6 in group D 
(12%). Reinfarction occurred on average after 3.7 + 2.0 
days. Thirty-seven patients had percutaneous translu- 
minal coronary angioplasty, 4 in group A, 8 in group B, 
15 in group C and 10 in group D. Coronary bypass 
surgery had been performed in 10 patients: 2 in group 
A, 3 in group B, 2 in group C and 3 in group D. 

The global ejection fractions at 3-month radionu- 
clide ventriculography were 48 + 18, 50 + 14, 45 + 16 
and 48 + 11%, respectively. These differences are not 
significant. The average ejection fraction in patients 
with a patent coronary artery was significantly higher 
than in patients with permanent occlusion: 49 + 16 ver- 
sus 43 + 13 (p <0.025). 


DISCUSSION 

At present intravenous streptokinase infusion is 
a widely used therapy for patients with AMI. A mortal- 
ity reduction of 25 to 80% after administration of 
1,500,000 IU has been established.'! Surprisingly, the 
dose selection for large studies has not been based on 
conventional dosé-ranging studies. 

Published clinical data: Few clinical data on dose- 
response relations are available. Lew et alf retrospec- 
tively investigated the influence of the rate of infusion of 
750,000 IU on noninvasive signs of reperfusion, and 
concluded that higher rates of infusion lead to earlier 
reperfusion, but this effect seems to level off at 500 IU/ 
kg/min.®° Gottlich et al’ described a prospective study in 
56 patients in which the influence of 3 different dosages 
of streptokinase (500,000, 750,000 and 1,500,000 IU) 
on time intervals from onset of pain to peak creatine 
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kinase and on the consumption of fibrinogen were mea- 
sured. This study failed to demonstrate increasing effi- 
cacy with increasing dosages. However, noninvasive 
tests such as creatine kinase peaking have a very limit- 
ed—if any—predictive value for angiographically prov- 
en recanalization.’ The same criticisms hold true for 2 
other studies.?:!° Col et al!! published a more extensive 
study on 135 patients with an acute myocardial in- 
farction, 83 of whom received either 500,000 IU or 
1,500,000 IU streptokinase intravenously. They demon- 
strated a higher amount of “activator” in the circulation 
after infusion of the higher dosage, but found similar 
patency rates at coronary angiography after about 555 
+ 260 minutes (range 2 to 24 hours). 

In vitro investigations: In vitro investigations— 
which can give only rough approximations of the system 
in vivo—showed a bell-shaped dose-work curve, indicat- 
ing a dose optimum.!*-!> Furthermore, it appears that 
the main determinant of the solubility of a clot is its 
composition and not the choice of the fibrinolytic drug, 
provided that the concentration is sufficient.!© This 
gives further credit to the hypothesis that a higher con- 
centration of streptokinase or streptokinase-plasmino- 
gen complex on the clot surface will result in a higher 
extent of penetration of the agent into the clot and thus 
the degree of successful thrombolysis.!’ 

Studies in animals: Animals are generally not suit- 
able for the evaluation of fibrinolytic drugs, in particu- 
lar with streptokinase, as the fibrinolytic system and the 
occurrence of streptokinase-neutralizing antibodies are 
different from species to species.!®:!? 

Dose-response curve: Because this double-blind 
dose-ranging study included 4 fixed dosages, 4 mea- 
sured points of a dose-response curve are available. Ob- 
viously, differences in patency rates could be in part due 
to random deviation. Therefore 95% confidence limits 
are represented as the shaded area in Figure 1. This 
random deviation allows multiple interpretations of the 
curve. On one hand this curve seems to be 2-topped. On 
the other hand, this result does not exclude the possibili- 
ty of a sigmoidal dose-effect relation with a steep leg 
between 200,000 and 750,000 IU and a certain leveling- 
off at higher dosages. 

Differences between dosages: Of the 4 doses tested, 
750,000 IU is the minimal therapeutic dose. However, 
intravenous administration of 200,000 IU appears 
to give some therapeutic result when comparing the 
achieved patency rate of 38% with the 10 to 20% paten- 
cy rate that is seen when no fibrinolytic drugs are giv- 
en.29.2! The patency rate after 1,500,000 IU is similar to 
that after 750,000 IU (difference not significant) and 
significantly lower than after 3,000,000 IU (p <0.05). 
A major consequence of this finding is that trials com- 
paring newer fibrinolytic drugs with the infusion of 
1,500,000 IU streptokinase*??7> have a limited impact, 
as these trials compare at least 1 drug at a suboptimal 
dosage. The best result in our trial is achieved with 
3,000,000 IU. Newer studies are required to establish 
efficacy (in terms of left ventricular preservation and 
mortality reduction) and safety of this regimen. As an 
82% patency rate may be close to what can be achieved 


with any thrombolytic intervention, and a somewhat 
greater reduction in blood pressure was found with 
3,000,000 IU, it does not appear to be desirable to in- 
clude even higher doses of streptokinase if a new dose- 
ranging study is planned. 

Complications: The rate of complications was low: 1 
patient (0.5%) had neurologic complications causing 
permanent disabilities, blood transfusion was required 
in 2% of the patients and 3-month mortality was 5%. 
The bleeding rate after streptokinase does not appear to 
be dose-related, as is the case with tissue plasminogen 
activator.*4 

Time delay: The design of this dose-finding study 
resembles that of the European Cooperative Study, 
comparing the intravenous infusion of 1,500,000 IU 
streptokinase with 0.75 mg of tissue plasminogen acti- 
vator.?* In that study streptokinase infusion resulted in 
a 55% patency rate. Our somewhat better overall paten- 
cy rate of 72% with the 3 higher dosages may be ex- 
plained in part by the greater delay between the start of 
infusion and angiography (2.8 + 2.7 vs 1.25 to 1.5 
hours in the European Cooperative Study). The occur- 
rence of patency is maximal at angiography after 2 to 3 
hours (Table III). It may be argued that differences in 
patency rates between the 4 groups are not only related 
to dosages, but also (in view of the fact that all dosages 
were given in | hour) to infusion rates, which were dou- 
bled both from group B to C and from group C to D. 
Limited experiences with higher infusion rates are avail- 
able from published studies. Hellstern et al? demon- 
strated that high dosages of streptokinase in patients 
with acute myocardial infarction were well tolerated. 

Clinical implications: [t is established that, of the 4 
doses tested, 750,000 IU is the minimal therapeutic dos- 
age of streptokinase. The arguments for considering the 
infusion of 1,500,000 IU streptokinase as a “standard 
therapy” for comparison with other fibrinolytic drugs 
are poor. The best results in the present study were 
achieved with 3,000,000 IU, but further research will be 
needed to establish the efficacy and safety of this new 
regimen. 
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To determine the outcome of patients after treat- 


ment with high-dose intravenous urokinase (3 mil- 
lion U) 102 patients were prospectively evaluated 
in the setting of acute myocardial infarction. The 
first 61 patients received intravenous urokinase as 
a continuous infusion and the last 41 patients were 
treated with an initial 1.5 million U intravenous 
bolus. Sixty-two percent of all patients had patent 
infarct-related arteries by the time of immediate 
angiography (median time 2.2 hours), which was 
performed in all patients. There was no significant 
difference in patency rates between patients treat- 
ed with or without an initial intravenous bolus. 
Twenty-eight (28%) patients developed clinical evi- 
dence of recurrent ischemia (death, reocclusion, 
emergency angioplasty, urgent bypass surgery) 
during hospitalization, whereas only 7 (7%) devel- 
oped angiographically documented reocclusion. Of 
28 patients who failed to achieve successful reper- 
fusion at the time of immediate catheterization, res- 
cue angioplasty was technically successful in estab- 
lishing reperfusion in all but 1 patient. No signifi- 
cant improvement in median global left ventricular 
function was seen between immediate (48%) and 
follow-up catheterization (48%). Significant bleed- 
ing complications were unusual except in 1 patient 
who experienced an intracranial hemorrhage. Eight 
(8%) patients died during hospitalization. There- 
fore, the use of high-dose intravenous urokinase in 
patients with acute myocardial infarction is associ- 
ated with a 62% patency rate, a low incidence of 
reocclusion and bleeding complications and a high 
technical success rate with rescue angioplasty at 
the time of immediate catheterization. This study 
supports the need for further randomized con- 
trolled trials comparing intravenous urokinase 
directly with other thrombolytic regimens. 

(Am J Cardiol 1990;65:124-131) 
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lytic therapy in acute myocardial infarction (AMI) 

has been associated with an improvement in glob- 
al left ventricular function, decreased in-hospital and 
long-term mortality and decreased congestive heart fail- 
ure after infarction.!-4 Despite this apparent success, re- 
current ischemia and reocclusion remain the “Achilles 
heel” of thrombolytic therapy.5-8 Previous studies evalu- 
ating intravenous urokinase suggest that this problem 
may be substantially decreased when this agent is used 
as monotherapy or in combination with recombinant tis- 
sue plasminogen activator.?:!9 Despite this potentially 
important initial finding, only 2 studies have previously 
evaluated intravenous urokinase as monotherapy in this 
setting,”:'! and only 1 study has used the currently rec- 
ommended intravenous dose of 3 million U. 

Although these studies demonstrated successful re- 
perfusion in a large proportion of patients and a tenden- 
cy toward lower rates of recurrent ischemia and re- 
occlusion compared with other thrombolytic agents, 
the combined experience represents only 308 patients. 
Therefore, this study was undertaken to evaluate the ef- 
fects of high-dose intravenous urokinase in establishing 
perfusion and sustained patency of infarct-related arter- 
ies in the setting of AMI, and to determine whether 
further comparative, controlled trials of a dose of 3 mil- 
lion U of intravenous urokinase would be merited. 


S uccessful reperfusion with intravenous thrombo- 


METHODS 

Patient selection: Patients were prospectively identi- 
fied in North Carolina community hospitals that collab- 
orate with Duke University Medical Center in thrombo- 
lytic trials.!? Inclusion criteria were: (1) chest pain or 
equivalent symptoms for 230 minutes’ duration consis- 
tent with coronary ischemia unresponsive to standard 
sublingual nitroglycerin therapy; (2) onset of chest dis- 
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comfort <6 hours of the time of therapy; (3) ST-seg- 
ment elevation of 20.1 mV in at least 2 of 3 inferior 
leads (II, III and aVF) or at least 2 of 6 precordial leads 
(V; to V6) or leads I and AVL, or ST-segment depres- 
sion of the precordial leads (V; to V4) consistent with 
posterior injury, or in the presence of left bundle branch 
block, primary ST-segment changes in the inferior or 
anterior leads; (4) age of <75 years; and (5) the will- 
ingness and ability to give informed consent for partici- 
pation in the study. Exclusion criteria included: history 
of significant bleeding diathesis; history of gastrointesti- 
nal or genitourinary bleeding within the preceding 4 
weeks; stroke within the past 6 months; major surgery 
on internal organs during the previous 14 days; uncon- 
trolled hypertension with diastolic blood pressure >110 
mm Hg on serial measurements in the emergency room; 
other serious advanced illnesses likely to severely limit 
the patient’s life expectancy; cardiogenic shock defined 
as a systolic blood pressure <85 mm Hg unresponsive to 
volume expanders; previous Q-wave AMI in the acutely 
ischemic region; prolonged (>10 minutes) cardiopulmo- 
nary resuscitation within the previous 2 weeks; severe 
trauma within the past 6 months; psychological or phys- 
ical inability to participate in the study; women known 
to be or suspected of being pregnant. The protocol was 
approved by the institutional review board at each of 
the clinical sites. 

Thrombolytic therapy administration: In this study, 
the low molecular weight form of urokinase (Abbott) 
was used. A total of 3 million U was infused over a 45- 
to 60-minute period. In the first 61 patients enrolled, 
urokinase was continually infused without an initial bo- 
lus. In the last 41 patients, a bolus of 1.5 million U was 
administered over 5 minutes with the remaining 1.5 mil- 
lion U infused over the subsequent 45 to 60 minutes. No 
patient received intravenous heparin in the emergency 
room but aspirin, 325 mg, was administered orally at 
the time of thrombolytic therapy initiation. 

Cardiac catheterization and coronary angioplasty: 
After initiation of thrombolytic therapy, patients were 
transferred to the cardiac catheterization laboratory, 
where angiography of the infarct-related vessel was per- 
formed as closely as possible to 90 minutes after initia- 
tion of urokinase, but not before the 90-minute period 
unless the patient was in hemodynamic distress. Arterial 
access was obtained via the femoral or brachial route. 
Five thousand units of intravenous heparin were admin- 
istered once access was established. At 90 minutes, a 
minimum of 4 angiograms in various orthogonal and 
hemiaxial views was obtained. In addition, angiography 
of the noninfarct-related vessels and the left ventricle 
was also performed. 

Coronary blood flow of the infarct-related vessel was 
graded according to the Thrombolysis in Myocardial 
Infarction classification.!? The final angiographic injec- 
tion determined triage for angioplasty. Patients who re- 
mained consistently occluded at 90 minutes (grade 0 or 
1) were eligible for acute coronary angioplasty, which 
was performed at the discretion of the individual an- 
giographer. In patients with grade 2 flow, acute coro- 
nary angioplasty was performed only if there was ongo- 
ing evidence of ischemia (chest pain, presence of collat- 


erals or >0.1 mV of persistent ST-segment elevation). 
In the absence of these characteristics, angioplasty was 
deferred until predischarge catheterization or until the 
patient developed clinical evidence of recurrent ischemia 
(emergency angioplasty). In patients who underwent 
angioplasty during the acute catheterization, 5,000 ad- 
ditional units of heparin were administered intravenous- 
ly. 

Intracoronary urokinase in a dose of 6,000 U/min 
for up to 2 hours was used in patients with angiographi- 
cally visible filling defects suggesting the presence of re- 
sidual thrombus after angioplasty, marked diminution 
of flow in the infarct-related artery with imminent re- 
closure or abrupt closure of the artery after angioplasty 
or evidence of distal embolization as recognized by an- 
giographic pruning. To monitor the progress of intracor- 
onary thrombolysis, angiographic injections were re- 
peated at 15-minute intervals during the urokinase infu- 
sion. 

Medical therapy: After immediate catheterization, 
patients were transferred to the coronary care unit 
where they received standard therapy with lidocaine, 
oxygen, morphine as needed for pain and nitrates either 
topically or intravenously. Aspirin, 325 mg/day, was 
also administered along with a continuous infusion of 
intravenous heparin to maintain the partial thrombo- 
plastin time at 2 times the control value for our labora- 
tory. This infusion was maintained until repeat cardiac 
catheterization at 7 to 10 days was accomplished. Beta 
blockers were not added to the medical regimen unless 
the patient had previously been treated with them or 
required such therapy for control of hypertension, su- 
praventricular tachyarrhythmias or noncardiac disor- 
ders (e.g., migraine headache). Patients also were treat- 
ed with calcium antagonists using either diltiazem at 60 
mg orally 3 times daily or nifedipine at 20 mg orally 3 
times daily. Other medications, including anti- 
arrhythmic agents, were given at the discretion of the 
clinician. However, no other antiplatelet agents such as 
dipyridamole were used routinely. 

Repeat catheterization and revascularization: Pa- 
tients underwent repeat cardiac catheterization at 7 to 
10 days after infarction even if they had an interim ur- 
gent catheterization study or if they had undergone cor- 
onary artery bypass grafting. The follow-up study was 
performed to determine late patency of the infarct-re- 
lated vessel as well as residual left ventricular function. 
Coronary angioplasty of the infarct-related vessel was 
performed during repeat catheterization when there was 
evidence of a significant residual stenosis suitable for 
angioplasty, especially if the patient had a positive exer- 
cise study. Patients with either severe multivessel dis- 
ease or lesions of the infarct-related vessel not amenable 
to angioplasty underwent elective coronary artery by- 
pass surgery before discharge. Emergency surgery was 
performed for failed angioplasty, particularly if there 
was evidence of ongoing ischemia with a large amount 
of myocardium at risk. 

Bleeding and coagulation variables: Bleeding ob- 
served during the hospital stay was defined as follows: 
minor if it was of no clinical consequence, did not re- 
quire a transfusion and was <250 cc total blood loss; 
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TABLE I Baseline Characteristics 


Age (yrs)* 52/59/67 
Male sex (%) 83 
Coronary risk factorst (%) 
Diabetes mellitus 
Systemic hypertension 
Hyperlipidemia 
Cigarette smoking 
Prior acute myocardial infarction (%) 
Systolic blood pressure* 
Heart rate (beats /min) 
Time to treatment (hours)* 
Infarct artery (%) 
Left main 
Left anterior descending 
Left circumflex 
Right 
Graft 
Multivessel disease (%) 
Mitral regurgitation (%) 


120/130/158 
64/75/91 
1.9/2.8/3.6 


* Figures shown are median (25th/50th/75th percentile); t risk factors obtained 
from admission history. Definitions have been published previously.2! 


moderate if 250 to 500 cc of observed blood loss was 
noted; severe if there was >500 cc of blood loss necessi- 
tating a transfusion; or /ife-threatening, which included 
intracranial bleeding or gastrointestinal or other inter- 
nal or external bleeding causing hypotension and neces- 
sitating emergency transfusion. The site of bleeding, 
baseline and nadir hematocrit as well as units of packed 
red blood cells transfused were recorded for all patients. 

Blood samples were collected on 0.01 M citrate and 
200 kIU/ml aprotinin at baseline, 4 hours and 24 hours 
after initiation of thrombolytic therapy and were imme- 
diately processed and kept frozen at —20°C until as- 
sayed by the coagulation laboratory. Fibrinogen was de- 
termined by a coagulation rate assay. Fibrinogen degra- 
dation products were analyzed by the tanned red cell 
agglutination inhibition technique at the core hematolo- 
gy laboratory at the University of Vermont. These tech- 
niques have previously been described.!* 

Angiographic and ventriculographic analysis: All 
cineangiograms were evaluated by qualitative and quan- 
titative methods by the angiographic laboratory. Quali- 
tative analysis included coronary angiographic morphol- 
ogy, Thrombolysis in Myocardial Infarction perfusion 
grade and visual percent stenosis of the infarct-related 
vessel. This analysis was performed by at least 2 angiog- 
raphers who were blinded to clinical outcome and 
were only aware of the designated infarct-related vessel. 
Quantitative analysis included minimum lumen diame- 
ter, percent area stenosis and percent diameter stenosis. 
This procedure was performed by a cardiologist and 
technician who were also blinded to patient outcome. 
The analysis was obtained from cine film using a com- 
puterized radiographic automated edge detection meth- 
od.!> Details of this technique and our experience with 
its use have previously been reported.*:!® 

Global left ventricular function was determined by 
the area length method and expressed as ejection frac- 
tion.'’ Regional wall motion of the infarct zone and 
noninfarct zone was quantified as standard deviations/ 
cord by means of the centerline cord method.'* Techni- 
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TABLE Il Coronary Patency Rates 


Time to Treatment First 
(Hours) Injection* 


0-2 (%) 16/29 (55) 
2—4 (%) 30/54 (56) 
>4 (%) 11/15 (73) 11/15 (73) 
Total (%) 57/98 (58) 61/98 (62) 


* Median time to first injection was 2.2 hours. 


Final Diagnostic 
Injection 


19/29 (66) 
31/54 (57) 


cally inadequate studies due to lack of adequate con- 
trast or frequent ventricular extrasystoles were not in- 
cluded in the analysis. 

Data analysis: For descriptive purposes, results are 
expressed as percentages for discrete variables and me- 
dian (25th to 75th percentiles) for continuous variables. 

Case report forms were completed by the clinical re- 
search nurse coordinators and reviewed by the principal 
investigators before submission to the Data Coordinat- 
ing Center in the Duke Cardiovascular Disease Data- 
bank. The data were verified independently by study 
monitors from review of the clinical records. A data 
monitoring board met regularly during the study to re- 
view the outcome of each patient and to ensure the safe- 
ty of the ongoing trial. Bleeding complications were 
monitored carefully by clinical research nurses who re- 
viewed each patient’s status on a daily basis. 


RESULTS 

Patients: Selected baseline clinical and angiographic 
characteristics of our population are listed in Table I. 
Of particular note, 53% of patients had multivessel (2- 
or 3-vessel) disease. 

Patency of the infarct-related vessel: The median 
time from treatment to the first coronary injection was 
2.2 hours. Overall, 58% of patients were open at 90 min- 
utes and 62% were open at the time of the final diagnos- 
tic injection (Table II). In patients treated >4 hours 
from the time of symptom onset, 73% were open at 90 
minutes as opposed to 55% who were treated within 2 
hours. Final infarct-related artery patency rates for pa- 
tients receiving either the intravenous infusion only or 
the bolus and infusion were not different. At the final 
diagnostic injection, 62% of the infusion-only patients 
had patent infarct-related arteries, compared with 63% 
of patients treated with bolus and infusion. Of note, 
only 2 (2%) patients received intracoronary urokinase 
(750,000 U/patient) at the time of immediate catheter- 
ization. 

Recurrent ischemia and reocclusion: Twenty-eight 
of the 102 patients (28%) had recurrent ischemia before 
follow-up catheterization. Of these, 10 (10%) under- 
went emergency coronary angioplasty, 14 (14%) were 
sent to urgent (<7 days) bypass surgery and six patients 
(7%) experienced reocclusion within the 7-day period. 
Two (2%) patients experienced recurrent infarction de- 
fined by a recurrent elevation of creatine phosphokinase 
isoenzymes. 

Coronary angioplasty: During the course of the hos- 
pitalization, 48 patients underwent 56 coronary angio- 


TABLE Ill Angioplasty Results 


Partial 
Successful* Success! 
(%) (%) 


Acute angioplasty* 


Patent vessel before angioplasty (n = 10) 
Occluded vessel before angioplasty (n = 28) 


Emergency angioplasty 


Patent vessel before angioplasty (n = 4) 
Occluded vessel before angioplasty (n = 6) 


Elective angioplasty 


Patent vessel before angioplasty (n = 7) 
Occluded vessel before angioplasty (n = 1) 


* Successful = Thrombolysis in Myocardial Infarction grade 3, residual stenosis <60%. 
t Partial success = unchanged or improved Thrombolysis In Myocardial Infarction grade and residual stenosis <60% or reduction in stenosis >20%. 


* Acute angioplasty = time of immediate catheterization. 
$ Emergency angioplasty = time of recurrent ischemia. 


TABLE IV Left Ventricular Function 


Left ventricular 
Ejection fraction (%) 
Baseline 
Follow-up 
EF change 
Infarct zone 
Regional wall motion (SD /chord) 
Baseline 
Follow-up 
RWM 


All Patients 
(n = 63)* 


40/48 /54t 
40/48/54 
-~6/0/5 


~3.5/-3.1/-2.3 
—3:2/-3.0/-L7 
~0.25/0.35/0.98 


Failed Lysis 
(n = 26)* 


44/49/55 
41/48/53 
-5.5/—1/3.5 


~3.5/-3.1/-2.3 
=3,1,/=30/-20 
~0.40/0.20/0.8 


Successful 
Lysis (n = 35)* 


39/48/54 
40/49/56 
—6/1/9 


+37 /-3.0/-2:3 
~3.2/-3.0/-1.5 
~0.10/0.40/1.5 


Noninfarct zone 
Regional wall motion (SD /chord) 
Baseline —0.50/0.20/0.70 
Follow-up —0.70/0.0/0.90 
* Baseline and follow-up values are only for paired observations. 


t Figures are shown as median (25th /50th/75th percentile). 
EF = ejection fraction; RWM = regional wall motion; SD = standard deviation. 





plasty procedures (Table III). In 38 patients the proce- 
dure was performed emergently at the time of immedi- 
ate catheterization. The procedure was successful in 
82% of those occluded and partially successful in 14%. 
Ten patients had angioplasty as an emergency proce- 
dure due to recurrent ischemia or reocclusion. Eight pa- 
tients had an elective angioplasty at the time of routine 
follow-up catheterization. 

Left ventricular function: The results of reperfusion 
therapy on baseline and follow-up left ventricular func- 
tion are listed in Table IV. Baseline median ejection 
fraction for successfully reperfused patients was 48% 
compared with 49% in those who failed to reperfuse 
with thrombolytic therapy. Global left ventricular ejec- 
tion fraction showed no significant change at the 7- to 
10-day follow-up study even in those patients who 
achieved successful thrombolysis. However, improve- 
ment in infarct zone regional wall motion was seen in 
both groups. Noninfarct zone regional wall motion 
showed a tendency toward mild hypercontractility both 
at baseline and follow-up in the failed thrombolysis 
group. 

Bleeding complications: The hematocrit and hemo- 
static parameters are listed in Table V. The median 
change in hematocrit from the time of presentation for 


~0.03/0.40/0.93 
~0.38/0.20/0.93 


~1.0/-0.10/0.70 
—0.90/0.0/0.90 


all 102 patients was 12 points, to a nadir hematocrit of 
30. The baseline fibrinogen level was 2.8 g/liter in all 
patients and the nadir fibrinogen was 0.4 g/liter and the 
peak fibrin degradation products were 720 ug/ml (Fig- 
ure 1). 

Most bleeding complications were mild and occurred 
at periaccess sites. Nine percent of patients had major 
(>500 cc) blood loss. One patient (1%) had an intracra- 
nial hemorrhage, which resulted after prolonged resus- 
citation for recurrent ventricular fibrillation in the cath- 
eterization laboratory. 

Major clinical outcomes: The major clinical out- 
comes for all patients versus those with and without suc- 
cessful perfusion of the infarct-related artery at the time 
of acute diagnostic angiography are compared in Table 
VI. During the course of the hospitalization, 8 patients 
(8%) died. Five of these deaths were secondary to power 
failure, 2 were sudden death related to arrhythmias and 
l was secondary to an intracranial hemorrhage. Three 
of the patients who died had 3-vessel disease, 1 had 2- 
vessel disease and 4 had 1-vessel disease. 

Of particular note, 5 of the 41 (12%) patients who 
did not have patent arteries at the time of the 90-minute 
angiogram died in-hospital compared with 3 of the 57 
patients (5%) who were successfully reperfused. Reoc- 
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TABLE V Hematologic Parameters 


Baseline hematocrit* 
Nadir hematocrit* 

Hematocrit* 
Transfusion 22 units 
Baseline fibrinogen (g/liter)* 
Nadir fibrinogen (g/liter)* 
Nadir platelets (K)* 
Peak FDP (ug/ml)* 
Moderate bleeding (n) 

Genitourinary 

Gastrointestinal 

Groin 

Other 

Hematocrit drop only 
Severe and life-threatening bleeding (n) 

Gastrointestinal 

Intracranial 

Groin 

Brachial 

Other 

Hematocrit drop only 


Nonsurgical 
Patients 
(n = 69) 


All Patients 
(n = 102) 


40/43/46 
25/30/34 
10/12/17 
46% 
2.3/2.8/3.6 
0.18/0.4/0.56 
129/161 /205 
370/720/1350 


40/44/46 
29/33/35 
9/11/13 
23% 
2.3/2.8/3.7 
0.18/0.4/0.54 
148/168/206 
370/720/1220 





* Figures shown are median (25th/50th/75th percentile). 
FDP = fibrin(ogen) degradation products. 


clusion occurred in 10% of patients with an initially 
closed infarct vessel, which was slightly more than the 
reocclusion rate of 5% seen in the patent group. The 
reinfarction rate in both groups was somewhat lower 
than the reocclusion rate. All patients who reoccluded 
or experienced reinfarction had recurrent ST-segment 
elevation. None of the recurrent events were silent, with 
80% of patients experiencing chest discomfort consistent 
with recurrent infarction and 1 patient who experi- 
enced hypotension. Of all the patients experiencing such 
events, only 2 were associated with reinfarction with 
reelevation of cardiac enzymes. Sustained hypotension 
and ventricular fibrillation were more common in pa- 
tients who failed to reperfuse. At the time of the predis- 
charge catheterization only 6% of patients had an oc- 
cluded infarct vessel and 8% were dead, whereas 49% of 
patients had a patent infarct artery, 30% had a patent 
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bypass graft and 8% did not undergo follow-up cathe- 
terization. 


DISCUSSION 

The major finding of this study is that high-dose 
intravenous urokinase can be administered in the com- 
munity hospital setting with an efficacy profile charac- 
terized by an overall patency rate of 62% and a low 
reocclusion rate (<7%). The bleeding risk appears to be 
comparable to other currently available intravenous 
agents such as streptokinase and recombinant tissue 
plasminogen activator. This pilot study of 102 patients 
adds to the small published database describing the use 
of high-dose intravenous urokinase in acute myocardial 
infarction. 

The 90-minute patency rate of 62% after intrave- 
nous urokinase compares quite favorably with the re- 


FIGURE 1. Median (25th to 75th percen- 
tile) values for fibrinogen and fibrinogen 
degradation products at baseline evalua- 
tion, 4 hours and 24 hours after high dose 
intravenous urokinase therapy. FDP = 
fibrinogen degradation products. 
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ported experience with intravenous streptokinase (35 to 
60%) and is very similar to the 66% rate demonstrated 
with a comparable dose of urokinase in the German Ac- 
tivator Urokinase Study.?:!?!92° However, unlike the 
German Activator Urokinase Study results, patients 
treated early from symptom onset (<2 hours) did not 
achieve a higher perfusion rate (55%) compared to 
those treated later than 4 hours (73%). These perfusion 
rates for urokinase are still inferior to the “ceiling” rate 
of 75% patency demonstrated in Thrombolysis and An- 
gioplasty in Myocardial Infarction-1 and other studies 
with high-dose recombinant tissue plasminogen activa- 
tor as well as in Thrombolysis and Angioplasty in Myo- 
cardial Infarction-2, where incremental doses of both 
agents in combination were evaluated (Figure 2).>!° 
Based on results of previous animal studies, we antici- 
pated more rapid and successful reperfusion acutely 
when 50% of the total drug was given as a bolus over a 
5-minute period (W. Barker, personal communication, 
Abbott Laboratories). Our results do not support this 
hypothesis, although our sample size is actually too 
small to securely rule out such an effect. 

Recurrent ischemia as defined by the occurrence of 
death, reocclusion, emergency angioplasty or urgent 
coronary bypass surgery was quite frequent, occurring 
in 28% of all patients enrolled. This rate is somewhat 
higher than the 16% rate observed with combination 
therapy with recombinant tissue plasminogen activator 
and urokinase in the Thrombolysis and Angioplasty in 
Myocardial Infarction-2 trial, but is more consistent 
with studies evaluating recombinant tissue plasminogen 
activator only, in which the recurrent ischemia rate has 
ranged from 25 to 28%.>-!9.2!22 Vigilant patient moni- 
toring by our coronary care staff, who have much previ- 
ous experience in thrombolytic trials, may partially ex- 
plain this high detection rate. In previous studies, many 
angiographically documented reocclusions were report- 
ed to be clinically “silent,”? leading to an increase in 
the intensity of monitoring at our institution. The fact 
that only 2 out of all our patients who reoccluded expe- 
rienced recurrent infarction supports this speculation. 

Despite the high rate of recurrent ischemia, reocclu- 
sion occurred in only 7% of patients. This low rate is 
consistent with previous reports of reocclusion rates us- 


FIGURE 2. Median and 95% confidence 
limits for infarct artery patency for pa- 
tients treated with tissue plasminogen ac- 
tivator (rt-PA), urokinase (UK) and combi- 
nation therapy. 
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TABLE VI Major Clinical Outcomes 


TIM! GRADE 
All Qorl 
Patients at Immediate 

Cath (n = 41) 


Patent (TIMI 
2 or 3) 

at Immediate 
Cath (n = 57) 


Death 

Reocclusion 
Restenosis 
Reinfarction 

New pulmonary edema 
Heart failure 

Sustained hypotension 
Ventricular fibrillation 
Stroke 


Cath = catheterization; TIMI = Thrombolysis in Myocardial Infarction. 


ing urokinase and lower than the reocclusion rates ob- 
served in most trials of recombinant tissue plasminogen 
activator therapy alone.°.”!!.2? In addition, patients who 
failed to reperfuse initially and underwent “rescue” an- 
gioplasty to achieve vessel patency had a relatively low 
rate of reocclusion (10%) in this study; a 29% reocclu- 
sion rate was observed in patients treated with “rescue” 
angioplasty after recombinant tissue plasminogen acti- 
vator monotherapy.’ This low reocclusion rate after 
“rescue” angioplasty in conjunction with urokinase is 
quite similar to the 7% rate observed with the combina- 
tion of recombinant tissue plasminogen activator and 
urokinase therapy in the Thrombolysis and Angioplasty 
in Myocardial Infarction-2 study and the 7% rate after 
streptokinase.!2° Because acute and follow-up angiog- 
raphy have not been performed in the large trials evalu- 
ating intravenous streptokinase without the use of angi- 
oplasty, reocclusion rates in the absence of angioplasty 
with this agent are difficult to assess.' 

The lower rate of reocclusion with or without angio- 
plasty seen with urokinase may be secondary to the 
more extensive fibrinogen depletion and increased pro- 
duction of fibrin and fibrinogen degradation products 
demonstrated in this study.'! As previously suggested 
by animal and patient studies, fibrin and fibrinogen 
degradation products may inhibit platelet aggregation 
and decrease blood viscosity.24-*° Finally, our aggressive 


rt-PA rt-PA + UK UK 
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approach to managing recurrent ischemia could further 
explain our lower rate of reocclusion. Perhaps reocclu- 
sion was prevented by rapid intervention when recurrent 
ischemia occurred. 

Patients in this study had worse left ventricular func- 
tion both in terms of global ejection fraction as well as 
regional infarct zone function compared with most pre- 
vious trials, possibly due to the high rate (53%) of mul- 
tivessel disease. The lack of improvement in left ventric- 
ular function during the course of the hospitalization 
was similar to that of the Thrombolysis and Angioplasty 
in Myocardial Infarction-1 and -2 studies as well as the 
Thrombolysis in Myocardial Infarction trials.>-”!°.2! De- 
spite this expected finding, it was somewhat disappoint- 
ing that patients who failed reperfusion and underwent 
rescue angioplasty did not improve their left ventricular 
function as seen in patients with combination therapy 
and rescue angioplasty in the Thrombolysis and Angio- 
plasty in Myocardial Infarction-2 trial.!%?’ 

Bleeding complications were substantial overall but 
were not significantly different compared with previous 
studies. Despite a marked increase in fibrin and fibrino- 
gen degradation products and the sustained depletion of 
fibrinogen, the bleeding complications were comparable 
to reports of patients treated with recombinant tissue 
plasminogen activator monotherapy in the Throm- 
bolysis and Angioplasty in Myocardial Infarction and 
Thrombolysis in Myocardial Infarction trials.°:7:!%25,28 
Most of the significant bleeding episodes occurred at 
periaccess sites and 1 patient (1%) experienced an intra- 
cranial bleed. Large-scale trials will be needed to deter- 
mine the actual intracranial bleeding rate. The high 
percentage of patients receiving transfusions can be at- 
tributed to the frequent use of coronary artery bypass 
grafting in this study, as well as to our policy of liberal 
transfusion use; patients routinely underwent transfu- 
sion when the hematocrit approached 30. Since this tri- 
al, our threshold for transfusion in the hemodynamical- 
ly stable patient has decreased to a hematocrit of 24. 

The success rates with acute angioplasty were high, 
especially in the group with totally occluded arteries at 
the time of acute catheterization. This high technical 
success rate is similar to the 94% rate reported by Stack 
et al??? when streptokinase was used as the thrombo- 
lytic agent. The results contrast with the results in the 
Thrombolysis and Angioplasty in Myocardial Infarc- 
tion-1 and -3, European Cooperative Study Group and 
Thrombolysis in Myocardial Infarction trials with re- 
combinant tissue plasminogen activator used as mono- 
therapy, and emphasize the fact that a systemic lytic 
environment may be a healthy one for this “rescue” pro- 
cedure.57:2225 The failure of 3 of 10 angioplasty proce- 
dures when the vessel was patent before acute angio- 
plasty further confirms previous data supporting 
deferred angioplasty in this subgroup of patients.°° Be- 
cause these findings have now been confirmed in several 
studies, it is currently our practice to defer angioplasty 
if the infarct-related vessel is patent and the patient is 
asymptomatic and hemodynamically stable. 

Several limitations of this study should be noted. 
The first is the absence of a control group or a concur- 
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rent comparison group. Second, patients were predomi- 
nantly from a rural community setting and had more 
severe coronary disease on entry into this study com- 
pared with previous thrombolytic therapy trials. Be- 
cause of more severe coronary disease and left ventricu- 
lar dysfunction, patients were in general treated more 
aggressively after thrombolysis than is our usual strate- 
gy. Hence, their overall clinical outcomes are difficult to 
compare with previous less aggressive studies. Finally, 
our aggressive policy of early blood transfusion makes it 
difficult to accurately compare bleeding complications 
with other agents. 
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Hospital, Burlington, North Carolina: Javed Masoud, MD, 
Gene Griner, MD, William Wilcockson, MD, Carolyn Sum- 
mers, HN-ER, Gloria Taylor, RN-CCU; Durham County 
General Hospital, Durham, North Carolina: Robert Buchan- 
an, MD, John Baker, MD; Granville Medical Center, Oxford, 
North Carolina: John Anderson, MD, Stephen Ertischek, MD, 
Bonnie Johnson, HN-ER, Phylis Finch, HN-CCU; Maria Par- 
ham Hospital, Henderson, North Carolina: Franklin Mills, 
MD, Peggy Piccioli, HN-ER, Nancy Strickland, RN-CCU, 
Steve Potter, Pharmacist; Onslow Memorial Hospital, Jack- 
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lina: John Hoekstra, MD, David Richardson, MD, Somnath N. 
Naik, MD, Edward Bert Knight, MD, Gerard M. Devine, MD, 
Frieda Pittman, HN-ER. 
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Echocardiographic Evaluation of Segmental Wall 
Motion Early and Late After Thrombolytic 
Therapy in Acute Myocardial Infarction: 
The Western Washington Tissue Plasminogen 
Activator Emergency Room Trial 


Catherine M. Otto, MD, John R. Stratton, MD, Charles Maynard, PhD, Ralph Althouse, MD, 
Karl-Arne Johannessen, MD, and J. Ward Kennedy, MD* 


In 92 acute myocardial infarction (AMI) patients 
treated with tissue plasminogen activator 2.3 + 1.2 
hours after the onset of chest pain, echocardiogra- 
phy was performed at 11 + 14 hours (early) and, in 
49 patients, again at 13 + 7 weeks (late). Infarct 
location and the left ventricular wall motion score 
index——the average score (normal = 1, hypokinetic 
= 2, akinetic = 3, dyskinetic = 4) for 20 seg- 
ments—were determined by 2 observers unaware 
of clinical, angiographic or electrocardiographic 
data. Concordance between noninvasive infarct lo- 
cation by electrocardiography or echocardiography 
and infarct-related artery at angiography 4 + 2 
days later (n = 85) was 76 and 81%, respectively. 
The early wall motion score index was worse for 
anterior (1.8 + 0.4) versus inferior (1.3 + 0.2, p 
<0.0001) or posterior-lateral (1.6 + 0.2, p = 
0.0003) infarcts. Overall, the wall motion score in- 
dex improved from early to late echocardiography 
(n = 49, 1.5 + 0.3 to 1.3 + 0.3, p = 0.0008). How- 
ever, improvement was confined to those with time 
to treatment <2 hours (n = 22, 1.4 + 0.3 to 1.2 + 
0.2, p <0.0001), and evidence of reperfusion at 
angiography (n = 38, 1.5 + 0.3 to 1.2 + 0.3, p 
<0.0001). The decrease in the wall motion score 
index was related to a decrease in the number of 
adjacent involved segments (5.5 + 3.0 to 3.7 + 
3.9/patient, p = 0.0006). Thus, echocardiography 
early after AMI identifies infarct location. 
improvement in regional wall motion is seen after 
early treatment with intravenous tissue plasmino- 
gen activator. 

(Am J Cardiol 1990;65:132-138) 
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infarction (AMI) has been shown to result in de- 

creased infarct size and an improvement in global 
and regional left ventricular systolic function at follow- 
up!-!° as assessed by radionuclide and angiographic 
techniques. Two-dimensional echocardiography can be 
used to define the acute decrease in wall motion that 
occurs in AMI!!-!> and can provide useful information 
regarding infarct size,!®-!8 anatomic location, complica- 
tions and overall prognosis after AMI. Compared with 
other imaging modalities, echocardiography has 2 ad- 
vantages: it is noninvasive and can be performed repeat- 
edly and rapidly at the bedside. This study uses echo- 
cardiographic evaluation of left ventricular segmental 
wall motion in a community-based series of AMI pa- 
tients receiving intravenous tissue plasminogen activator 
within 6 hours of the onset of chest pain to assess the 
utility of early echocardiography in identifying infarct 
location and severity; follow serial changes in regional 
wall motion in individual patients early and late after 
thrombolytic therapy; and determine whether time to 
treatment influenced early or late regional wall motion. 


[istration thrombolytic therapy in acute myocardial 


METHODS 

Study protocol: The Western Washington Tissue 
Plasminogen Activator Emergency Room Trial enrolled 
160 patients between January 18, 1987, and January 
13, 1988. The overall results of this trial have been re- 
ported elsewhere.!? Patients were <76 years of age, 
with symptoms typical of AMI within 6 hours of pre- 
sentation and with an electrocardiogram showing ST- 
segment elevation >0.10 mV or tall peaked “hyper- 
acute” T waves in 22 associated leads. The electrocar- 
diogram was reviewed by an observer unaware of clini- 
cal data for infarct location, defined as anterior (I, aVL, 
Vı to V6), inferior (II, III, aVF) or posterior (aVR and 
Vı to V2). Patients were excluded for any contra- 
indication to thrombolysis or systemic anticoagulation, 
a major surgical procedure or trauma within the previ- 
ous 2 months, recent cardiopulmonary resuscitation, ce- 
rebrovascular disease or concomitant known disease 
likely to limit lifespan to <6 months in the absence of 
AMI. 

After informed consent, treatment with tissue plas- 
minogen activator was begun (time from onset of pain 
= 141 + 69 minutes) with a 6-mg bolus, followed by 54 
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TABLE I Selected Clinical Characteristics 


History 
Age (yrs) 
Male sex (%) 
Prior MI (%) 
Angina (%) 
Clinical (%) 
Hypotensive 
Shock 
Pulmonary edema 
Cardioversion 
CPR 
Time to tPA (min) 


Early Echo 
(n = 92) 


98 + 11 
71 (77) 
14 (15) 
35 (38) 


8 (9) 
2 (2) 
6 (7) 
4 (4) 
2 (2) 
138 + 69 


tPA Patients with 
Paired Early 

and Late Echo 
(n = 49) 


58 +10 
40 (82) 
7 (14) 
18 (37) 


5 (10) 
2 (4) 

5 (10) 

1 (2) 

1 (2) 

138 + 60 


tPA Patients 
Without 
Early Echo 
(n = 68) 


58+8 
59 (87) 
12 (18) 
24 (35) 


6 (9) 

2 (3) 

2 (3) 

2 (3) 

2 (3) 
144+ 70 


Laboratory 
Peak CPK (IU) 
Time to peak 

CPK (hrs) 

Procedures (%) 
Cardiac catheterization 85 (92) 
PTCA 16 (17) 
CABG 16 (17) 

Hospital death (%) 4 (4) 


p >0.05 for all comparisons of early echo versus those without. 


1,885 + 1,653 


14.54 15.5 


2,028 + 1,611 2,048 + 1,811 


13.8+ 5.5 16.5 + 16.7 
48 (98) 62 (91) 
10 (20) 16 (24) 

8 (16) 20 (29) 

0 (0) 5 (7) 


CABG = coronary artery bypass grafting; CPK = creatinine phosphokinase; CPR = cardiopulmonary resuscitation; Echo = echocardiography; MI = myocardial infarction; PTCA = 


percutaneous transluminal coronary angioplasty; tPA = tissue plasminogen activator. 





mg in the first hour and 10 mg/hr for 4 more hours 
(total dose 100 mg). The initial 10 patients received a 
total dose of 150 mg. Systemic anticoagulation with 
heparin was maintained for 96 hours, followed by aspi- 
rin 325 mg daily. Total creatinine phosphokinase was 
determined (normal range 1 to 100 U/liter) every 4 
hours for the first 24 hours. 

Echocardiography was performed early after thera- 
py in 100 of 160 patients (62.5%). Of these 100 pa- 
tients, coronary angiography and left ventricular angi- 
ography were performed in 85 patients 4 + 2 days after 
treatment. The angiogram was reviewed by a reading 
committee to determine the infarct-related artery (left 
anterior descending, posterior descending or circumflex 
artery), and the extent of reperfusion using the Throm- 
bolysis in Myocardial Infarction trial (TIMI) criteria.”° 
One to 4 months after hospitalization, 49 of these pa- 
tients returned for repeat 2-dimensional echocardiogra- 
phy, radionuclide ventriculography and thallium infarct 
size determination.*! Other forms of reperfusion before 
late echocardiography included percutaneous translu- 
minal coronary angioplasty in 10 and coronary artery 
bypass grafting in 8 of these 49 patients. 

Echocardiography: A technically adequate echocar- 
diogram was performed at a mean + 1 standard devi- 
ation of 11 + 14 hours (early) after the onset of chest 
pain in 92 patients with 85 of 92 (92%) performed with- 
in 24 hours of the onset of chest pain. Early echocardi- 
ography was technically inadequate in 8 patients (8%). 
Of the 92 adequate echocardiograms, the technical 
quality was excellent in 12 (13%), good in 44 (48%) and 
fair in 36 (39%) patients. Most (85%) of the early echo- 
cardiograms were performed at 4 of the 7 participating 
hospitals and included 83% of the total population at 
these 4 hospitals. 


Echocardiography was repeated at 13 + 7 weeks 
(late) in 49 of these patients. Technical quality for en- 
docardial definition and wall motion was excellent in 20 
(41%), good in 20 (41%) and fair in 9 (18%) patients. 
There were no significant differences in any clinical 
characteristics between the study patients who did and 
who did not undergo echocardiography or between 
those with paired early and late studies and the entire 
group (Table I). 

Two-dimensional images of the left ventricle were 
recorded on videotape in parasternal long- and short- 
axis views, and in apical 4-chamber, 2-chamber and 
long-axis views. The echocardiograms were interpreted 
by consensus of 2 obervers blinded to clinical, electro- 
cardiographic and angiographic data and (for the late 
study) unaware of the interpretation of the early echo- 
cardiographic study. For each of 20 left ventricular seg- 
ments,?*73 wall motion was graded as: normal = 1, hy- 
pokinetic = 2, akinetic = 3 and dyskinetic = 4. Non- 
visualized segments (1.1% of total) were eliminated 
from further analysis. The wall motion score index was 
calculated as the sum of the grades for each segment 
divided by the number of segments. Infarct location was 
defined by echocardiography based on the pattern of 
the wall motion abnormality as shown in Figure 1. 

Interpretation reproducibility was assessed in a ran- 
domly selected subset of early and late echocardiograms 
(18). On a segment-by-segment basis, there was com- 
plete agreement between the 2 readings for 305 of 376 
segments (81%), with disagreement by >1 grade for 
only 7 (2% of total) segments. The wall motion score 
index also agreed closely (1.3 + 0.3 vs 1.3 + 0.3, differ- 
ence not significant). 

Statistical methods: Infarct locations by electrocar- 
diography and echocardiography were compared with 
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kag 


angiographic infarct-related artery by chi-square test. 
The unpaired ¢ test was used to compare subgroups for 
the early wall motion score index. The paired ¢ test was 
used to examine early and late differences for the pa- 
tients with both studies with respect to the wall motion 
score index and number of involved segments. Linear 
regression and correlation were used to compare the 


X? 





wall motion score index with infarct size, radionuclide 
and angiographic ejection fractions. 


RESULTS 

Infarct location by early echocardiography: A spe- 
cific infarct location could be determined by 2-dimen- 
sional echocardiography in 83 of the 92 adequate early 


EARLY ECHO 
Ye = Hypokinesis 
= Akinesis 


= Dyskinesis 





LATE ECHO 


= Area of 
abnormal 
wall motion 





FIGURE 1. Target diagram of the left ventricle.23 The ventricle, shown as if viewed from the apex, is divided into 3 regions— 
basal (outer ring), mid- and apical (in center). There are 8 segments each at basal and mid-ventricular levels and 4 apical 
segments. The pattern of abnormal wall motion is illustrated for 3 cases with the acute study on the /eft and the late study 

on the right. A, Case 3011: Inferior infarct by echocardiography with the right coronary identified as the infarct-related artery 
at subsequent angiography. The wall motion score index improved from 1.4 to 1.2, with 1 segment hypokinetic and 1 segment 
akinetic at late echocardiography. B, Case 2008: Posterolateral infarct by echocardiography, circumflex artery at angiography, 
wall motion score index 1.6 early and 1.0 (entirely normal) at follow-up. C, Case 1016: Anterior infarct by echocardiography, 
left anterior descending artery at angiography. The wall motion score index improved from 1.7 to 1.2, with all involved seg- 
ments hypokinetic at late echocardiography. Ant = anterior; inf = inferior; ECHO = echocardiogram; lat = lateral; post = poste- 


rior; RCA = right coronary artery. 
134 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


echocardiograms: anterior in 29, inferior in 40 and pos- 
terior-lateral in 14 patients. Six early echocardiograms 
showed no wall motion abnormality, whereas in 3 a wall 
motion abnormality was identified but infarct location 
was ambiguous (apical in 2, basal in 1). 

Of the 75 patients with known echocardiographic in- 
farct location and subsequent angiography, concordance 
for infarct locations was 81%, compared to 76% for the 
82 patients with infarct location by electrocardiogra- 
phy and angiography (Figure 2). Concordance between 
echocardiographic and electrocardiographic infarct lo- 
cation was 74% (p <0.0001). 

Early segmental wall motion: The early wall motion 
score index was higher (more abnormal wall motion) 
for echocardiographically defined anterior (n = 29, 1.8 
+ 0.4) or posterior-lateral (n = 14, 1.6 + 0.2) than for 
inferior (n = 40, 1.3 + 0.2) infarcts (p <0.0001 and p 
= (0.0003 by unpaired ¢ test, respectively, Figure 3). 
These differences also were significant by analysis of 
variance (p <0.0001). 

The entire study population was divided into 2 equal 
groups based on time from onset of symptoms to treat- 
ment (<2 hours and >2 hours). There was no relation 
between the early wall motion score index and time to 
treatment (<2 hours, n = 48, 1.5 + 0.4 vs >2 hours, n 
= 44, 1.5 + 0.3, difference not significant), or TIMI 
reperfusion grade (grade 0, n = 18, 1.5 + 0.2 vs TIMI 
grade 21, n = 67, 1.4 + 0.3, p = 0.19). There was a 
statistically significant relation between the early wall 
motion score index and time to peak creatinine phos- 
phokinase (<12 hours, n = 31, 1.6 + 0.4 vs >12 hours, 
n = 61, 1.4 + 0.3, p = 0.013). 

Comparison of early and late segmental wall mo- 
tion: In the 49 patients with both early (11 + 14 hours) 
and late (13 + 7 weeks) echocardiography, the wall mo- 
tion score index improved in 37 patients, was unchanged 
in 5 (initially normal in 4) patients and worsened in 7 
patients. The mean wall motion score index improved 
significantly (1.5 + 0.3 to 1.3 + 0.3, p = 0.0008). This 
improvement was significant statistically both in the 
subgroup with intervening coronary angioplasty or by- 
pass grafting (1.5 + 0.3 to 1.3 + 0.3, p = 0.05) and 
those with no intervening procedure (1.4 + 0.3 to 1.3 + 
0.3, p = 0.002). 

The improvement in segmental wall motion (Figure 
4) was confined to those patients with thrombolytic 
treatment <2 hours after onset of symptoms (n = 22, 
1.4 + 0.3 to 1.2 + 0.2, p <0.0001) compared to those 
with treatment >2 hours (n = 27, 1.5 + 0.3 to 1.44 
0.4, p = 0.23) and those with TIMI grade 21 at angi- 
ography (n = 38, 1.5 + 0.3 to 1.2 + 0.3, p <0.0001) 
compared to those with TIMI grade 0 (n = 9, 1.5 0.2 
to 1.5 + 0.4, difference not significant). In the 22 pa- 
tients treated <2 hours, those with angiographic evi- 
dence of reperfusion (n = 19, 1.4 + 0.3 to 1.2 + 0.2, p 
<0.0001) showed improvement whereas the few with- 
out reperfusion did not (n = 3, 1.5 + 0.1 to 1.4 + 0.2, 
difference not significant). 

The wall motion score index improved most in those 
with anterior infarcts (n = 13, 1.7 + 0.3 to 1.44 0.4, p 
= 0.048) and posterior-lateral infarcts (n = 13, 1.5 + 
0.3 to 1.2 + 0.2, p = 0.002) compared to inferior in- 








farcts (n = 21, 1.3 + 0.3 to 1.2 + 0.3, difference not 
significant) as defined by angiographic infarct-related 
artery. 

The improvement in the wall motion score index was 
related to a decrease in the number of segments with 
abnormal wall motion per patient (mean number of ab- 
normal segments early: 5.5 + 3.0; late: 3.7 + 3.9, p = 
0.0006) (Figure 5). The average wall motion score for 
only the abnormal segments did not change (2.5 + 0.4 
to 2.5 + 0.4, difference not significant). Of the 149 seg- 
ments that showed return of normal wall motion be- 
tween the early and late echocardiograms, 127 (85.2%) 
were in segments at the edge of the initial region of 
abnormal wall motion. In 20 patients (41%), wall mo- 
tion was entirely normal at late echocardiography. Ex- 
amples of the improvement in wall motion are shown in 
Figure 1. 

The late wall motion score index showed a signifi- 
cant linear correlation with angiographic ejection frac- 
tion done at 4 + 2 days after infarction (r = —0.50, p = 
0.0013), thallium infarct size at 13 + 7 weeks (r = 0.65, 
p <0.0001) and radionuclide ejection fraction at 13 + 7 
weeks (r = —0.66, p <0.0001) but there was wide scat- 
ter of the data for these relations. 


DISCUSSION 

In this community-based series of AMI patients, we 
used echocardiographic imaging for assessment of re- 
gional left ventricular systolic function early and again 
late after AMI. 

Early echocardiography: Although early echocardi- 
ography was performed after initiation of thrombolytic 
therapy, a segmental wall motion abnormality consis- 


ANGIO 


LAD "PDA. CIRC. 


P < 0.000! 
AGREEMENT = 
62/82 = 76% 


P< 0.0001 
AGREEMENT = 
61/75 = 81% 


FIGURE 2. Infarct location by electrocardiography (ECG) (top) 
and by echocardiography (bottom) versus angiographic in 
farct-related artery. Angio = coronary angiography; Circ = 
circumflex artery; PDA = posterior descending artery. 
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tent with AMI was present in nearly all patients. All 6 
patients with normal wall motion on early echocardiog- 
raphy had reperfusion and were alive at 1 year of fol- 
low-up. Whereas the area-at-risk may have been under- 
estimated due to reperfusion before echocardiographic 
imaging, myocardial “stunning” 24° should minimize 
this underestimate. Conversely, the tethering effect of 
adjacent segments can result in overestimation of in- 
farct size by echocardiography.!!:!7.!8 

Our findings are in agreement with prior studies that 
have demonstrated that anatomic infarct location and 
the extent of regional ventricular dysfunction can be 
identified with echocardiography.?:!!-!7.26 Discordance 
between echocardiographic infarct location and the in- 
farct-related artery at subsequent angiography most 
likely relates to variability in coronary anatomy because 
discordance typically occurred with septal and inferior- 


P < .6061 


posterior wall motion abnormalities. In addition, al- 
though angiography performed during the acute phase 
of AMI provides reliable identification of the infarct ar- 
tery,” late angiography is less reliable, especially in 
multivessel disease. 

Late echocardiography: The extent of wall motion 
abnormality late after AMI correlates with other mea- 
sures of infarct size and left ventricular function.!® 
Comparison of paired early and late echocardiograms 
demonstrates that patients with reperfusion have signifi- 
cant improvement in regional left ventricular systolic 
function.??8:2 In this study the improvement in regional 
ventricular function was due to a decrease in the num- 
ber of abnormal segments and was most marked in 
those treated within 2 hours of the onset of symptoms. 

Study limitations: Comparison of echocardiographic 
regional wall motion between the entire group of pa- 


FIGURE 3. Wall motion score index 
(WMSI) at early echocardiography versus 
infarct location (by echocardiography). 
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FIGURE 4. Early versus late wall motion score index (WMSI) for all patients and for subgroups with treatment <2 hours 
(LE 2 hrs) and Thrombolysis in Myocardial Infarction reperfusion grade >1 (TIMI GE 1). 
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FIGURE 5. Number of abnormal segments at early versus late echocardiography for the same subgroups as Figure 4. 


Abbreviations as in Figure 4. 


tients receiving thrombolytic therapy and a control 
group of untreated AMI patients was considered uneth- 
ical given the known benefits of thrombolytic therapy.’ 
10 Wall motion was assessed qualitatively because accu- 
rate tracing of the endocardial borders for quantitative 
analysis would have been possible in only a relatively 
small subset. In addition, the time course of recovery of 
wall motion cannot be assessed because only 2 sets of 
echocardiograms were performed.”?*° 

Clinical implications: Echocardiography early after 
thrombolytic therapy in patients with AMI provides 
useful information on infarct location and the area of 
myocardium at risk. Improvement in regional wall mo- 
tion, due to a decrease in the number of abnormal seg- 
ments, occurs in patients with reperfusion treated with 
tissue plasminogen activator <2 hours after the onset of 
symptoms. 
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APPENDIX 


Participants: The cardiologists participating in the Echo- 
cardiography Substudy of the Western Washington Tissue 
Plasminogen Activator Emergency Room Trial were: James K. 
Fritz, MD (Group Health Central, Seattle), Douglas Weaver, 
MD, and Leonard Cobb, MD (Harborview Medical Center, 
Seattle), Arthur Lee, MD (Harrison Memorial, Bremerton), 
John A. Murray, MD (Northwest Hospital, Seattle), J. Ward 
Kennedy, MD, and Ralph Althouse, MD (University Hospital, 
Seattle), James L. Ritchie, MD (Veterans Administration 
Medical Center, Seattle) and Ted Steudal,MD (Madigan 
Army Hospital, Fort Lewis). 

The sonographers who skillfully performed the echocardio- 
grams were: Miles Matsuda, RDMS, and Chris Hixson, 
RDMS (Veterans Administration Medical Center, Seattle); 
Eric Sisk, RDMS (Harborview Medical Center, Seattle); Jeff 
Pope, RDMS, Darcee Dahl, RDMS, Patty Jackson, RDMS 
and Cory Sutherland, RDMS (Northwest Hospital, Seattle); 
Cindy Cronin, RDMS (Group Health Central, Seattle); 
Blanche Hattendorf, RDMS, and Jana Olson, RDMS (Harri- 
son Memorial, Bremerton); Carolyn Gardner, RDMS, Carol 
Kraft, RDMS, and Michelle Fujioka, RDMS (University Hos- 
pital, Seattle). 
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Comparative studies demonstrate that 


nonionic media have a weaker inhibi- 
tory effect on clotting in vitro than 
ionic media! The new labeling 
changes recently required for con- 
trast media reflect this difference in 
anticoagulant properties between 
nonionic and ionic media. 

When using any contrast agent, 
good angiographic technique is 
essential. However, even when 


meticulous technique is applied, some 
mixing of blood with contrast media in 


syringes and catheters is possible. 

Thromboembolic events have been 

reported during angiographic pro- 

cedures with both ionic and nonionic 
* contrast media. 
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If you’re looking for the safety and 
comfort of a low-osmolality contrast 
medium, without the increased risk of 
clotting in vitro, Hexabrix is an ideal 
choice. 

With the lowest osmolality (per mg 
iodine) of the low-osmolality agents, 
Hexabrix produces fewer hemody- 
namic changes, such as bradycardia 
or hypotension, than conventional 
agents?* More importantly, as an ionic 
medium, Hexabrix exerts a stronger 
inhibitory effect on clotting in vitro 
than the nonionics!“ 

This unique combination of benefits 
makes Hexabrix the low-osmolality 
choice for arteriography and PTCA. 


HEXABRIX' 


(ioxaglate meglumine 39.3%/ 
ioxaglate sodium 19.6% injection) 


* Please see the adjacent page for references and brief summary of prescribing 
information, including complete warning statement. 
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HEXABRIX* 
Each milliliter of HEXABRIX contains 393 mg of ioxaglate 
meglumine, 196 mg of ioxaglate sodium and 0.10 mg edetate 
calcium disodium as a stabilizer. The solution contains 3.48 
mg (0.15 mEq) sodium in each milliliter and provides 32% 
(320 mg/mL) organically bound iodine. 


CONTRAINDICATIONS 
HEXABRIX is contraindicated for use in myelography. Refer to 
PRECAUTIONS concerning hypersensitivity. Hysterosalpin- 
gography should not be performed during the menstrual 
period; in pregnant patients; in patients with known infection 
in any portion of the genital tract; or in patients in whom 
cervical conization or curettage has been performed within 
30 days. Arthrography should not be performed if infec- 
tion is present in or near the joint. 


WARNINGS 
lonic iodinated contrast media inhibit blood coagulation, in 
vitro, more than nonionic contrast media. Nonetheless, it is 
prudent to avoid prolonged contact of blood with syringes con- 
taining ionic contrast media. 

Serious, rarely fatal, thromboembolic events causing 
myocardial infarction and stroke have been reported during 
angiographic procedures with both ionic and nonionic contrast 
media. Therefore, meticulous intravascular administration 
technique is necessary, particularly during angiographic pro- 
cedures, to minimize thromboembolic events. Numerous 
factors, including length of procedure, catheter and syringe 
material, underlying disease state, and concomitant medica- 
tions may contribute to the development of thromboembolic 
events. For these reasons, meticulous angiographic tech- 
niques are recommended including close attention to guide- 
wire and catheter manipulation, use of manifold systems 
and/or three-way stopcocks, frequent catheter flushing 
with heparinized saline solutions and minimizing the length 
of the procedure. The use of plastic syringes in place of glass 
syringes has been reported to decrease but not eliminate 
the likelihood of in vitro clotting. 

As with any contrast medium, serious neurologic sequelae, 
including permanent paralysis, can occur following cerebral 
arteriography, selective spinal arteriography and arteriography 
of vessels supplying the spinal cord. The injection of a contrast 
medium should never be made following the administration 
of vasopressors, since they strongly potentiate neuro- 
logic effects. 

In patients with subarachnoid hemorrhage, a rare associa- 
tion between contrast administration and clinical deterioration, 
including convulsions and death, has been reported. 
Therefore, administration of intravascular iodinated contrast 
Media in these patients should be undertaken with caution. 

A definite risk exists in the use of intravascular contrast 
agents in patients who are known to have multiple myeloma. In 
Such instances anuria has developed, resulting in progressive 
uremia, renal failure and eventually death. Although neither the 
contrast agent nor dehydration has separately proved to be the 
cause of anuria in myeloma, it has been speculated that the 


combination of both may be a causative factor. The risk in 


myelomatous patients is not a contraindication to the pro- 
cedure: however, partial dehydration in the preparation of 
these patients for the examination is not recommended since 
this may predispose to precipitation of myeloma protein in 
the renal tubules. No form of therapy, including dialysis, has 
been successful in reversing the effect. Myeloma, which 
occurs most commonly in persons over 40, should be con- 
sidered before instituting intravascular administration of 
contrast agents. 

Administration of radiopaque materials to patients known 
or suspected to have pheochromocytoma should be per- 
formed with extreme caution. It, in the opinion of the 
physician, the possible benefits of such procedures outweigh 
the considered risks, the procedures may be performed; 
however, the amount of radiopaque medium injected should 
be kept to an absolute minimum. The blood pressure should be 
assessed throughout the procedure, and measures for treat- 
ment of a hypertensive crisis should be available. 

Since intravascular administration of contrast media may 
promote sickling in individuals who are homozygous for sickle 
cell disease, fluid restriction is not advised. 

In patients with advanced renal disease, iodinated contrast 
media should be used with caution and only when the need for 
the examination dictates, since excretion of the medium may 
be impaired. Patients with combined renal and hepatic 
disease, those with severe hypertension or congestive heart 
failure and recent renal transplant recipients present an 
additional risk. 

Renal failure has been reported in patients with liver 
dysfunction who were given an oral cholecystographic agent 
followed by an intravascular iodinated radiopaque agent and 
also in patients with occult renal disease, notably diabetics and 
hypertensives. In these classes of patients there should be no 
fluid restriction and every attempt made to maintain normal 
hydration prior to contrast medium injection, since dehydra- 
tion is the single most important factor influencing further 
renal impairment. 

Caution should be exercised in performing contrast 
medium studies in patients with endotoxemia and/or those 
with elevated body temperatures. 

Reports of thyroid storm occurring following the intra- 
vascular use of iodinated radiopaque agents in patients with 
hyperthyroidism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated before 
use of this drug. lodine-containing contrast agents may alter 
the results of thyroid function tests which depend on iodine 
estimation, e.g., PBI, and may also affect results of radioactive 
iodine uptake studies. Such tests, if indicated, should be per- 
formed prior to the administration of this preparation. 


PRECAUTIONS 

Diagnostic procedures which involve the use of iodinated 
intravascular contrast agents should be carried out under the 
direction of personnel skilled and experienced in the particular 
procedure to be performed. All procedures utilizing contrast 
media carry a definite risk of producing adverse reactions. 
While most reactions are minor, life-threatening and fatal reac- 
tions may occur without warning, and this risk must be 
weighed against the benefit of the procedure. A fully equipped 
emergency cart, or equivalent supplies and equipment, and 
personne! competent in recognizing and treating adverse reac- 
tions of all types should always be available. If a serious reac- 
tion should occur, immediately discontinue administration. 
Since severe delayed reactions have been known to occur, 
emergency facilities and competent personnel should be avail- 
able for at least 30 to 60 minutes after administration. (See 
ADVERSE REACTIONS.) 

Preparatory dehydration is dangerous and may contribute 
to acute renal failure in infants, young children, the elderly, 
patients with pre-existing renal insufficiency, patients with 
multiple myeloma, patients with advanced vascular disease 
and diabetic patients. 
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Acute renal failure has been reported in diabetic patients 
with diabetic nephropathy and in susceptible non-diabetic 
patients (often elderly with pre-existing renal disease) follow- 
ing the administration of iodinated contrast agents. Therefore, 
careful consideration of the potential risks should be given be- 
fore performing this radiographic procedure in these patients. 

Severe reactions to contrast media often resemble allergic 
responses. This has prompted the use of several provocative 
pretesting methods, none of which can be relied on to predict 
severe reactions. No conclusive relationship between severe 
reactions and antigen-antibody reactions or other man- 
ifestations of allergy has been established. The possibility of an 
idiosyncratic reaction in patients who have previously received 
a contrast medium without ill effect should always be consid- 
ered. Prior to the injection of any contrast medium, the patient 
should be questioned to obtain a medical history with empha- 
sis on allergy and hypersensitivity. A positive history of bron- 
chial asthma or allergy (including food), a family history of 
allergy, Or a previous reaction or hypersensitivity to a contrast 
agent may imply a greater than usual risk. Such a history may 
be more accurate than pre-testing in predicting the potential for 
reaction, although not necessarily the severity or type of reac- 
tion in the individual case. A positive history of this type does 
not arbitrarily contraindicate the use of a contrast agent when a 
diagnostic procedure is thought essential, but does call for 
caution. (See ADVERSE REACTIONS.) 

Prophylactic therapy including corticosteroids and anti- 
histamines should be considered for patients who present with 
a strong allergic history, a previous reaction to a contrast 
medium, or a positive pre-test since in these patients the inci- 
dence of reaction is two to three times that of the general 
population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be 
effective and should continue through the time of injection and 
for 24 hours after injection. Antihistamines should be adminis- 
tered within 30 minutes of the contrast medium injection. 
Recent reports indicate that such pre-treatment does not 
prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. A separate syringe should be 
used for these injections. 

General anesthesia may be indicated in the performance of 
some procedures in selected patients; however, a higher 
incidence of adverse reactions has been reported in these 
patients, and may be attributable to the inability of the patient 
to identify untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase 
the duration of contact of the contrast agent. 

Angiography should be avoided whenever possible in 
patients with homocystinuria because of the risk of inducing 
thrombosis and embolism, 


PRECAUTIONS FOR 
SPECIFIC PROCEDURES 


Pediatric Angiocardiography: It is advisable to monitor for 
ECG and vital signs changes throughout the procedure. 

When large individual doses are administered, sufficient 
time shouid be allowed for any observed changes to return to 
or near baseline prior to making the next injection. 

Caution should be used when making right heart injections 
in patients with pulmonary hypertension or incipient heart fail- 
ure, since this may lead to increased right side pressures with 
subsequent bradycardia and systemic hypotension. Patients 
with pulmonary disease present additional risks. 

Caution is advised in cyanotic infants since apnea, 
bradycardia, other arrhythmias and a tendency to acidosis are 
more likely to occur, 

Since infants are more likely to respond with convulsions 
than are adults, the amount of total dosage is of particular 
importance. Repeated injections are hazardous in infants 
weighing less than 7 kg, particularly when these infants have 
pre-existing compromised right heart function or obliterated 
pulmonary vascular beds. 

Selective Coronary Arteriography with or without left 
ventriculography: During the administration of large doses of 
HEXABRIX, continuous monitoring of vital signs is desirable. 
Caution is advised in the administration of large volumes to 
patients with incipient heart failure because of the possibility of 
aggravating the pre-existing condition. Hypotension should be 
corrected promptly since it may result in serious arrhythmias. 

Special care regarding dosage should be observed in 
patients with right ventricular failure, pulmonary hyper- 
tension, or stenotic pulmonary vascular beds because of 
hemodynamic changes which may occur after injection into 
the right heart outflow tract. 

Peripheral Arteriography: Moderate decreases in blood 
pressure occur frequently with intra-arterial (brachial) in- 
jections. This change is usually transient and requires no 
treatment; however, the blood pressure should be monitored 
for approximately ten minutes following injection. 

Extreme caution during injection of the contrast agent is 
necessary to avoid extravasation and fluoroscopy is 
recommended. This is especially important in patients with 
severe arterial disease. 

Cerebral Angiography: Cerebral angiography should be 
performed with special caution in patients with advanced 
arteriosclerosis, severe hypertension, cardiac decompen- 
sation, senility, recent cerebral thrombosis or embolism, and 
migraine. 

Intra-Arterial Digital Subtraction Angiography: The risks 
associated with |A-DSA are those usually attendant with cathe- 
ter procedures. Following the procedure, gentle pressure 
hemostasis is required, followed by observation and 
immobilization of the limb for several hours to prevent 
hemorrhage from the site of arterial puncture. 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Intravenous Digital Subtraction Angiography: The risks 
associated with IV-DSA include those usually attendant with 
catheter procedures and include intramural injections, vessel 
dissection and tissue extravasation. The potential risk is re- 
duced when small test injections of contrast medium are made 
under fluoroscopic observation to insure that the catheter tip is 
properly positioned and, in the case of peripheral placement, 
that the vein is of adequate size. 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Peripheral Venography: Special care is required when 
venography is performed in patients with suspected 
thrombosis, phlebitis, severe ischemic disease, local infection 
or a totally obstructed venous system. 

Extreme caution during injection of contrast media is 
necessary to avoid extravasation and fluoroscopy Is 
recommended, This is especially important in patients with 
severe arterial or venous disease. 

Excretory Urography: Infants and small children should 
not have any fluid restrictions prior to excretory urography. 
(See WARNING and PRECAUTIONS concerning preparatory 
dehydration.) 
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Contrast Enhancement in Body Computed Tomography: 
Patient cooperation is essential since patient motion, including 
respiration, can markedly affect image quality. The use of an 
intravascular contrast medium can obscure tumors in patients 
undergoing CT evaluation of the liver, resulting in a false nega- 
tive diagnosis. Dynamic CT scanning is the procedure of 
choice for malignant tumor enhancement. 

Arthrography: Strict aseptic technique is required to pre- 
vent the introduction of infection. Fluoroscopic control should 
be used to insure proper introduction of the needle into the 
synovial space and prevent extracapsular injection. Aspiration 
of excessive synovial fluid will reduce the pain on injection and 
prevent the dilution of the contrast agent. It is important that 
undue pressure not be exerted during the injection. 

Hysterosalpingography: Caution should be exercised in 
patients suspected of having cervical or tubal carcinoma to 
avoid possible spread of the lesion by the procedure. 
Delayed onset of pain and fever (1-2 days) may be indicative of 
pelvic infection. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No 
long-term animal studies have been performed to evaluate 
carcinogenic potential. However, animal studies suggest that 
this drug is not mutagenic and does not affect fertility in males 
or females. 

Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to two times the 
maximum adult human dose and have revealed no evidence of 
impaired fertility or harm to the fetus due to HEXABRIX. There 
are, however, no adequaie and well controlled studies in preg- 
nant women. Because animal reproduction studies are not 
always predictive of human response, this drug should be 
used during pregnancy only if clearly needed. 

Nursing Mothers: \oxagiate salts are excreted unchanged in 
human milk. Because of the potential for adverse effects in 
nursing infants, bottle feedings should be substituted for 
breast feedings for 24 hours following the administration of 
this drug. 

Pediatric Use: Satety and effectiveness in children has been 
established in pediatric angiocardiography and intravenous 
excretory urography. Data have not been submitted to sup- 
port the safety and effectiveness of HEXABRIX in any other 
indication. 

(Precautions for specific procedures receive comment 
under that procedure.) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media fall into two 
Categories: chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physiochemical 
properties of the contrast media, the dose and the speed 
of injection. All hemodynamic disturbances and injuries 
to organs or vessels perfused by the contrast medium are 
included in this category. 

Idiosyncratic reactions include all other reactions. They 
occur more frequently in patients 20 to 40 years old. 
Idiosyncratic reactions may or may not be dependent on the 
dose injected, the speed of injection, the mode of injection and 
the radiographic procedure. Idiosyncratic reactions are 
subdivided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration; the severe 
reactions are life-threatening and treatment is urgent and 
mandatory. 

NOTE: Not all of the following adverse reactions have been 
reported with HEXABRIX. Because HEXABRIX is an iodinated 
intravascular contrast agent, all of the side effects and toxicity 
associated with agents of this class are theoretically possible, 
and this should be borne in mind when HEXABRIX is 
administered. 

Severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred following the administra- 
tion of HEXABRIX as well as other iodine-containing contrast 
agents. Most deaths occur during injection or 5 to 10 minutes 
later; the main feature being cardiac arrest with cardiovascular 
disease as the main aggravating factor. Isolated reports of 
hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the 
administration of conventional iodinated contrast agents 
range from 6.6 per 1 million (0.00066 percent) to 1 in 
10,000 patients (0.01 percent). 

Regardless of the contrast agent employed, the overall 
estimated incidence of serious adverse reactions is higher 
with coronary arteriography than with other procedures. 
Cardiac decompensation, serious arrhythmias, or myo- 
cardial ischemia or infarction may occur during coronary 
arteriography and left ventriculography. 

The most frequent adverse reactions are nausea, vomiting, 
facial flush and a feeling of body warmth. These are usually of 
brief duration. In double-blind clinical trials, HEXABRIX pro- 
duced less discomfort upon injection (pain and heat) when 
compared to various other contrast agents. Other reactions 
include the following: 

Hypersensitivity reactions: Dermal manifestations of 
urticaria with or without pruritus, erythema and maculopapu- 
lar rash. Dry mouth. Sweating. Conjunctival symptoms. 
Facial, peripheral and angioneurotic edema. Symptoms 
related to the respiratory system include sneezing, nasal 
Stuffiness, coughing, choking, dyspnea, chest tightness and 
wheezing, which may be initial manifestations of more severe 
and infrequent reactions including asthmatic attack, laryngo- 
spasm and bronchospasm with or without edema, pulmonary 
edema, apnea and cyanosis. Rarely, these allergic-type 
reactions can progress into anaphylaxis with loss of con- 
sciousness, coma, severe cardiovascular disturbances, 
and death. 
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Cardiovascular reactions: Generalized vasodilation, flush- 
ing and venospasm. Occasionally thrombosis or, rarely, 
thrombophlebitis. Extremely rare cases of disseminated 
intravascular coagulation resulting in death have been 
reported. Severe cardiovascular responses include rare cases 
of hypotensive shock, coronary insufficiency, cardiac 
arrhythmia, fibrillation and arrest. These severe reactions are 
usually reversible with prompt and appropriate management; 
however, fatalities have occurred. 

Technique reactions: Extravasation with burning pain, 
hematomas, ecchymosis and tissue necrosis, vascular 
constriction due to injection rate, thrombosis and 
thrombophlebitis. 

Neurological reactions: Spasm, convulsions, aphasia, syn- 
cope, paresis, paralysis resulting from spinal cord injury and 
pathology associated with the syndrome of transverse 
myelitis, visual field losses which are usually transient but may 
be permanent, coma and death. 

Other reactions: Headache, trembling, shaking, chills 
without fever, hyperthermia and lightheadedness. Temporary 
renal shutdown or other nephropathy. 

Pediatric angiocardiography has been complicated by 
intramural injection with marked adverse effects on cardiac 
function. 

During selective coronary arteriography with or without left 
ventriculography, patients may have clinically insignificant 
ECG changes. The following adverse effects have occurred in 
conjunction with the administration of iodinated intravascular 
contrast agents for this procedure: hypotension, shock, 
anginal pain, myocardial infarction, cardiac arrhythmias 
(bradycardia, ventricular tachycardia, ventricular fibrillation) 
and cardiac arrest. Fatalities have been reported. Com- 
plications to the procedure include dissection of coronary 
arteries, dislodgement of atheromatous plaques, perforation, 
hemorrhage and thrombosis. 

Following peripheral arteriography, hemorrhage and 
thrombosis have occurred at the puncture site of the per- 
cutaneous injection. Brachial plexus injury has been reported 
following axillary artery injection. 

The major causes of cerebral arteriographic adverse reac- 
tions appear to be repeated injections of the contrast material, 
administration of doses higher than those recommended, the 
presence of occlusive atherosclerotic vascular disease and the 
method and technique of injection. Adverse reactions are nor- 
mally mild and transient. A feeling of warmth in the face and 
neck is frequently experienced. Infrequently, a more severe 
burning discomfort is observed. Transient visual hallucina- 
tions have been reported. Serious neurological reactions that 
have been associated with cerebral angiography and not listed 
under Adverse Reactions include stroke, amnesia and respira- 
tory difficulties. Visual field defects with anopsia and reversible 
neurological deficit lasting from 24 hours to 48 hours have 
been reported. Confusion, disorientation with hallucination, 
and absence of vision sometimes lasting for one week have 
also been reported. Cardiovascular reactions that may occur 
with some frequency are bradycardia and either an increase or 
decrease in systemic blood pressure. The blood pressure 
change is transient and usually requires no treatment. 
Arthrography may induce joint pain or discomfort which is 
usually mild and transient but occasionally may be severe 
and persist for 24 to 48 hours following the procedure. 
Effusion requiring aspiration may occur in patients with 
rheumatoid arthritis. Fever and pain, cramping and tender- 
ness of the abdomen have been reported following 
hysterosalpingography. 


OVERDOSAGE 

Overdosages may occur. The adverse effects of overdosage 
are life-threatening and affect mainly the pulmonary and car- 
diovascular systems. The symptoms may include cyanosis, 
bradycardia, acidosis, pulmonary hemorrhage, convulsions, 
coma and cardiac arrest. Treatment of an overdose is directed 
toward the support of all vital functions and prompt institution 
of symptomatic therapy. 

loxaglate salts are dialyzabie. 

The intravenous LDso values of HEXABRIX (in grams of 
iodine/kilogram body weight) were 11.2 g/kg in mice, > 8 
g/kg in rats, >6.4 g/kg in rabbits and > 10.2 g/kg in dogs. 


DOSAGE AND ADMINISTRATION 


Details on dosage are are provided in the package insert. CON- 
SULT FULL PACKAGE INSERT BEFORE USE. 


Rev. Nov. 1989. 
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A Randomized Pilot Trial of Brief Versus 
Prolonged Heparin After Successful Reperfusion 
in Acute Myocardial Infarction 


Nathan H. Kander, MD, Kurt J. Holland, MD, Bertram Pitt, MD, and Eric J. Topol, MD 


Controversy exists as to whether and how long 


heparin treatment is necessary after infarct vessel 
recanalization. To determine the role of heparin, 
patients with suitable angiographic features after 
reperfusion therapy were randomly allocated to re- 
ceive a brief infusion of intravenous heparin for 
<24 hours (group 1), adjusted to a partial throm- 
boplastin time of 2 times control or a prolonged 
infusion for >72 hours (group 2), using the same 


_ titration mechanism. Patients were excluded for 


complex intimal dissections, large residual filling 
defects, less than Thrombolysis in Myocardial In- 
farction grade 3 flow pattern or >50% residual ste- 
nosis. Heparin was sustained except for discontinu- 
ation 2 to 4 hours before periaccess sheath remov- 
al, or if significant bleeding (22 units blood 
transfusion) occurred. The primary endpoints were 
1-week patency determined by repeat catheteriza- 
tion or recurrent ischemia, or both, and the inci- 
dence of bleeding complications. Fifty patients were 
randomized, 25 in both groups. Baseline variables 
were similar; 14 group 1 and 15 group 2 patients 
received thrombolytic treatment; 20 patients in 
each group had coronary angioplasty. Two docu- 
mented reocclusions occurred in both groups. Sig- 
nificant bleeding complications occurred in 0 of 25 
(0%) group 1 versus 6 of 25 (24%) group 2 pa- 
tients (p <0.05). Thus, in low-risk patients after 
—- successful reperfusion, prolonged heparin therapy 
does not protect against rethrombosis and is asso- 
ciated with a significantly higher rate of bleeding 
complications. Therefore, prolonged heparin thera- 
py for >24 hours does not appear to be justified in 
low-risk patients with successful reperfusion. 

(Am J Cardiol 1990;65:139-142) 
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sion therapy in the setting of an acute myocardi- 

al infarction is unclear. In most of the major tri- 
als evaluating reperfusion therapy,'~ the use of intrave- 
nous heparin has been empiric because of previous 
anecdotal reports suggesting that the level of anticoagu- 
lation was inversely related to the frequency of recur- 
rent ischemic events.*°> There have been no randomized 
studies analyzing whether a prolonged infusion of hepa- 
rin is beneficial in maintaining infarct-related artery 
patency in patients after successful reperfusion therapy. 
As previous studies have noted that a significant risk is 
associated with heparin treatment in patients with un- 
derlying medical problems,®* we undertook this pilot 
trial to determine whether the risk of heparin therapy 
outweighed the benefit in a group of patients felt to be 
at low risk of reocclusion after successful reperfusion in 
the setting of acute myocardial infarction. 


[Ts treatment of patients after successful reperfu- 


METHODS 

Patient population: From February 1987 through 
April 1988, 50 patients were treated with reperfusion 
therapy (Table I) for acute myocardial infarction and 
were prospectively randomized to <24 hours (group 1) 
or 272 hours (group 2) infusion of intravenous heparin. 
To be eligible for randomization, the patients had to 
have a diagnosis of acute myocardial infarction with 
chest pain lasting >20 minutes, unrelieved with sublin- 
gual nitroglycerin and electrocardiographic evidence of 
injury with =1 mm of ST-segment elevation in 22 con- 
tiguous leads. All patients required emergency cardiac 
catheterization and underwent reperfusion therapy. 

Patients were not eligible for randomization if they 
had an unsatisfactory angiographic result after reperfu- 
sion therapy, which included complex dissections,’ re- 
sidual filling defects, less than Thrombolysis in Myocar- 
dial Infarction (TIMI) grade 3 flow pattern or >50% 
visual estimate of residual stenosis. All patients were 
clinically stable at the time of periaccess sheath remov- 
al, which was <24 hours after acute intervention. Ran- 
domization to either a brief (<24 hours) or prolonged 
(272 hours) infusion of heparin was performed at the 
time of sheath removal. During this same 14-month pe- 
riod a total of 164 patients underwent emergency cardi- 
ac catheterization for acute myocardial infarction. The 
majority (69%) were excluded from the current trial ei- 
ther because of failure to meet prespecified angiograph- 
ic criteria or clinical instability in the first 24 hours. 

Catheterization procedure: Patients underwent car- 
diac catheterization if they met the criteria already de- 
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TABLE! Baseline and Treatment Characteristics 


Group 1 Group 2 
(n = 25) (n = 25) 
No. male (%) 21 (84) 15 (60) 


Age (yrs) 54+ 10 
Infarct coronary artery 


Total occlusions 
Thrombolytic alone 
IV thrombolytics + PTCA 
Streptokinase 
t-PA 
t-PA and urokinase 7 
Percent infarct vessel stenosis 30 4 13 28412 
Fibrinogen nadir (mg/dl) 170 142 
There were no significant differences (p <0.05) at baseline for the 2 groups. 
IV = intravenous; LAD = left anterior descending; LC = left circumflex; PTCA = 


percutaneous transiuminal coronary angioplasty; t-PA = tissue plasminogen activa- 
tor. 


scribed. If the patients were eligible for one of the 
Thrombolysis and Angioplasty in Acute Myocardial In- 
farction protocols, they received either tissue plasmino- 
gen activator (t-PA), urokinase or a combination of 
both, before emergency catheterization. Other patients 
received intravenous streptokinase or no thrombolytic 
therapy before this initial catheterization. 

Using the percutaneous femoral technique, arterial 
and venous sheaths were inserted. At the time of obtain- 
ing vascular access, 5,000 U of intravenous heparin was 
administered. Initial injections of the coronary arteries 
were reviewed, and if an angioplasty was performed, an 
additional 5,000 U of heparin was administered. The 
patients received heparin boluses of 5,000 U hourly dur- 
ing the catheterization procedure. 

At the conclusion of the procedure, the sheaths were 
secured with sutures to the access site and the patient 
received a heparin infusion to maintain the partial 
thromboplastin time at 2 times control (maximum up to 
2.5 times control). The sheaths were withdrawn 24 
hours after the acute catheterization. The heparin was 
discontinued for 2 to 4 hours before sheath removal. At 
this time, patients were eligible for randomization if 
they did not fulfill the angiographic exclusion criteria 
outlined previously. If the patient was randomized to a 
brief infusion (group 1) the heparin was not continued. 
Patients randomized to a prolonged infusion (group 2) 
were restarted receiving heparin therapy with an initial 
bolus of 3,000 to 5,000 U, followed by 800 to 1,200 U/ 
hour, adjusted to maintain the partial thromboplastin 
time to 2 times control. Patients also received 325 mg of 
aspirin/day, diltiazem 30 to 60 mg 4 times/day and in- 
travenous or oral nitrate therapy. 

Patients had 12-lead electrocardiograms performed 
after reperfusion therapy and daily for 3 days. Creati- 
nine kinase levels with MB isoenzyme analysis were 
performed every 8 hours for the first 24 hours and as 
clinically indicated during the hospitalization. 

Endpoints evaluated during the study included chest 
pain felt to be ischemic in origin with documented elec- 
trocardiographic changes. Urgent recatheterization 
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was then performed, documenting whether restenosis or 
reocclusion of the infarct-related artery had occurred. 
Reocclusion was defined as TIMI grade 0 or 1 on re- 
peat cardiac catheterization and the percent residual 
stenosis was determined by caliper method. The amount 
and site of bleeding were also evaluated with serial he- 
matocrits and the number of blood transfusions was re- 
corded. A significant bleeding complication was defined 
as requiring =2 units of packed red blood cells. Patients 
were allowed to cross over to the other treatment group 
if recurrent ischemia or significant bleeding endpoints 
were reached. 


RESULTS 

Patient characteristics: The baseline clinical and 
angiographic characteristics of the randomized patients 
were similar for the 2 groups and are listed in Table I. 
The groups of patients randomized to a brief or pro- 
longed infusion of heparin were comparable in age, 
male sex, infarct artery, type of intravenous thrombolyt- 
ic agents used, number of total occlusions and percent 
visual estimate of residual stenosis after reperfusion 
therapy. 

Acute reocclusions: Four patients had documented 
reocclusions on follow-up catheterization and were 
evenly divided between both groups. Three of the 4 pa- 
tients had recurrent symptoms and electrocardiographic 
changes suggestive of ischemia before the follow-up 
heart catheterization, of which only 1 was successfully 
recanalized with angioplasty. Only 40 of the 50 patients 
consented to follow-up catheterization. Of the 10 pa- 
tients in whom follow-up catheterization was not per- 
formed, exercise thallium scintigraphy or exercise radio- 
nuclide ventriculography was performed. There was no 
evidence of recurrent ischemia that would suggest reste- 
nosis in any patient. 

Bleeding complications: There were no patients in 
group 1 who had significant bleeding (defined as the 
need for transfusion of 22 units of packed red blood 
cells). In group 2, 6 patients had significant bleeding, 
requiring discontinuation of heparin. A similar number 
of patients received thrombolytic agents in both groups. 
Of the 6 patients who had bleeding complications, 5 
were women, and 5 had received thrombolytic agents 
before the initial catheterization. One patient received 
both intracoronary and intravenous streptokinase, and 1 
patient received a combination of intravenous urokinase 
and t-PA. The other 3 had received intravenous t-PA. 
Sites of bleeding included the periaccess site, genitouri- 
nary (hematuria) and the gastrointestinal tract. No 
cases of intracerebral hemorrhages were noted. 


DISCUSSION 

The optimal prophylactic medical treatment after 
successful reperfusion therapy to maintain coronary ar- 
tery patency is controversial, because in the previous tri- 
als that have used thrombolytic agents or angioplasty, 
or both, intravenous heparin has been continued for at 
least 72 hours after intervention, and usually until hos- 
pital discharge.'~? In the studies evaluating primary an- 
gioplasty for the treatment of acute myocardial infarc- 


tion, the incidence of late reocclusion has ranged from 2 
to 17%.'°-!2 Treatment with intravenous thrombolysis 
has resulted in late reocclusions ranging from 5 to 
45%.':!3-15 Virtually all these patients have been treated 
aggressively with medical therapy including heparin and 
aspirin, and still a significant number of patients have 
documented reocclusion or recurrent ischemic events 
during the initial hospitalization. 

Therefore, we have hypothesized that in those pa- 
tients who have a minimal residual stenosis and who 
have no angiographic evidence of dissection or throm- 
bus, there might not be additional benefit with a pro- 
longed heparin infusion. In this group of patients, the 
use of heparin may be detrimental secondary to the risk 
of hemorrhage. We undertook this pilot trial to evaluate 
heparin’s role in preventing reocclusion as well as the 
incidence of bleeding complications in patients undergo- 
ing successful reperfusion therapy. 

In this randomized pilot study, the prolonged use of 
heparin did not appear to prevent reocclusion, as a simi- 
lar proportion (8%) of patients in both groups had docu- 
mented rethrombosis on follow-up catheterization. All 
patients had received heparin therapy for at least the 
initial 24 hours and the randomization was performed 
after this time. We attempted to eliminate patients who 
may have had subclinical thrombus formation at the 
time of the initial catheterization or who may have had 
recurrent ischemic events within the first 24 hours. It 
has been shown that with elective angioplasty and treat- 
ment with t-PA during acute myocardial infarction, re- 
current ischemic events occur most frequently within 
the first 24 hours.'!® After elective angioplasty, full 
anticoagulation for 24 hours was found to be beneficial 
in patients both with and without angiographically visi- 
ble thrombus present.'® Although an angiogram may 
not demonstrate filling defects to be present, a residual 
thrombus was likely present. Therefore, in the control 
group, 24-hour heparin therapy was instituted. The re- 
sults of our pilot study suggest that beyond this time 
interval, heparin does not appear to be of any added 
benefit in a group of patients who were at low risk of 
reocclusion by clinical and angiographic criteria. 

A significant number of patients had bleeding com- 
plications in the group treated with prolonged heparin 
therapy. Greater than 20% of our patients who were 
treated with 272 hours of heparin required transfusion 
of 22 units of packed red blood cells and discontinua- 
tion of anticoagulation. Of the 6 patients with signifi- 
cant bleeding difficulties, 5 were women and 5 had re- 
ceived thrombolytic agents before the initial catheter- 
ization. All of the blood loss was confined to periac- 
cess site bleeding or gastrointestinal or genitourinary 
sources. Similarly, the TIMI trial!? reported a >15% 
incidence of bleeding events in both the patients treated 
with t-PA or streptokinase. All their patients had a pre- 
treatment catheterization as well as subsequent pro- 
longed intravenous heparin therapy. In the European 
Cooperative Study,’ in which patients were treated with 
t-PA, heparin, aspirin and long-term coumadin therapy, 
there was a 23% incidence of significant bleeding com- 
plications in those treated without early cardiac cathe- 


terization, and a 41% incidence of bleeding in those un- 
dergoing invasive evaluation. 

In our study, a similar number of patients in both 
groups received thrombolytic therapy. Therefore, it is of 
interest that only the group of patients treated with pro- 
longed heparin therapy had significant blood loss re- 
corded. Larger randomized studies are now being per- 
formed that will evaluate the use of prolonged heparin 
therapy in maintaining infarct artery patency in pa- 
tients undergoing thrombolytic therapy alone. Both 
the Third International Study of Infarct Survival and 
Gruppo Italiano per lo Studio della Supravivenza 
Nell’ Infarto Miocardioco trials are evaluating the use of 
high-dose subcutaneous heparin (12,500 U twice daily) 
in patients treated with intravenous streptokinase or t- 
PA and its effect on the in-hospital and long-term out- 
comes. If shown to be effective for reducing reinfarc- 
tion, the use of subcutaneous heparin, as compared to 
the intravenous route, may reduce the risk of significant 
bleeding noted in the current and previous studies.!? 
The recent Thrombolysis and Angioplasty in Acute 
Myocardial Infarction trial has demonstrated the lack 
of need for intravenous heparin bolus at the initiation of 
t-PA, and the avoidance of early heparin may also be 
effective in reducing hemorrhagic risk.!’ 

A major limitation of our study is the number of 
patients. We did not attempt to detect a significant re- 
duction in the rate of reocclusion with prolonged hepa- 
rin therapy because the number of patients required to 
do this was beyond the scope of our study. To detect a 
50% reduction in reocclusion with a 90% power, an a 
error of 0.05 and a @ error of 0.10 would require 1,100 
patients. Therefore, larger randomized control studies 
are needed to verify whether prolonged heparin therapy 
reduces the rate of reocclusion and would justify the 
significant bleeding risk determined in our study. The 
other limitations were that only 80% of our patients had 
a repeat coronary angiographic study at the time of hos- 
pital discharge, and we focused on a low-risk subgroup, 
as identified by clinical and angiographic criteria. Silent 
reocclusions may have occurred in the other 10 patients. 
Exercise tomographic thallium scintigraphy as well as 
exercise multigated blood pool images were performed 
in all these patients and no evidence of ischemia was 
demonstrated. This does not, however, rule out silent 
reocclusions with adequate collaterals. Two of these 10 
patients developed recurrent symptoms of angina pecto- 
ris within 6 months, and had evidence of periinfarct 
ischemia on repeat thallium testing. Repeat cardiac 
catheterization demonstrated restenosis but not reocclu- 
sion in both these patients and repeat angioplasty was 
performed with resolution of the symptoms. 
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The Portable Programmable Microprocessor- 
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Successful intravenous thrombolytic therapy early 


in myocardial infarction has the potential to reduce 
patient mortality without the additional risk and 
cost of aggressive invasive therapy. Noninvasive 
detection of successful reperfusion using resolution 
of chest pain, ST-segment changes assessed on 
static electrocardiograms, arrhythmia evolution, 
early isoenzyme peaking or changes in ventricular 
perfusion or function has been hampered by poor 
sensitivity or specificity, or inability to provide 
timely information. A newly available portable pro- 
grammable microprocessor-driven real-time 12- 
lead electrocardiographic monitor has been intro- 
duced that may address these limitations. A contin- 
uously updated precise digital record of 
ST-segment activity at the bedside provides valu- 
able information both in monitoring patients during 
reperfusion therapy to determine the efficacy of 
such treatment and in the subsequent hours to sig- 
nal threatened reocclusion. This report describes 
the salient features of the monitor and presents 4 
distinct situations in which the monitor detected 
timely information regarding coronary patency 


- after reperfusion. 
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idespread use of intravenous thrombolytic 

\ Ñ / agents in attempts to limit myocardial infarct 

size has generated interest in techniques that 

can determine the efficacy of such therapies.!-6 A real- 

time method that could noninvasively detect successful 

thrombolysis and monitor patients after therapy to sig- 

nal threatened reocclusion would greatly aid the clini- 

cian in deciding whether patients would benefit from 
additional aggressive and costly treatment. 

Deviation of the ST segments on the standard 12- 
lead electrocardiogram has been used routinely to iden- 
tify the presence of myocardial ischemia and, with less 
success, its anatomic location and extent. More recently, 
observation of the change in the magnitude of ST-seg- 
ment deviation on serial electrocardiograms taken at 
fixed intervals during therapy has been used to deter- 
mine the success or failure of thrombolysis, but with 
limited results.!6-10 This may have been due to the in- 
ability of the investigators to know the precise intervals 
necessary to obtain the most timely electrocardiograms 
for each individual patient. Further, subsequent electro- 
cardiograms taken once daily in the cardiac care unit 
may not reflect the true ischemic activity of the patient. 

In attempts to overcome these limitations both dur- 
ing the administration of the therapy and in the follow- 
ing hours, a real-time standard 12-lead monitor has 
been developed that can automatically acquire, display 
and store sequential electrocardiograms. This report de- 
scribes the salient on-line features of the monitor, vari- 
ous off-line capabilities and discreet examples of its use 
in 4 specific clinical situations. 


METHODS 

Description of the electrocardiographic monitor: 
The EL-I (Mortara Instruments) is a portable, pro- 
grammable, microprocessor-based device that can ac- 
quire, analyze and store standard 12-lead electrocardio- 
grams at manually programmed intervals or automati- 
cally in the presence of new ST-segment changes.!! The 
EL-I is an interactive monitor capable of full disclosure 
of either the standard 12-lead analog waveforms or a 
continuously updated trend of the summated ST devi- 
ation from all 12 leads over time, visible on a liquid 
crystal display when activated with a button push. All 
data from the EL-I can be downloaded to a standard 


THE AMERICAN JOURNAL OF CARDIOLOGY JANUARY 15, 1990 143 


DIRECTORY B.PRECORDIAL/ LIMB ECG C.SUMMATED ST TREND 





= 


GRAPHICS 





FIGURE 1. Salient features of the EL-I monitor. The limb leads (closed circles) are positioned on the torso for optimal noise 
reduction; the precordial leads are in the standard positions. The on-line features include a directory (A) of the patient’s 

ic frequency including date and time. From this directory, any electrocardiogram can be selected and dis- 
played on the monitor screen (B). The limb leads (I, II, Ill, aVR, aVL and aVF) and the precordial leads (V, to Ve) are viewed on 
separate screens. The summated ST-segment trend (C) can be viewed at any time. The off-line features include hard copies of 
electrocardiograms (D) selected from the directory, which are obtained by downloading stored data to a Hewlett Packard Piot- 
ter. Retrospective analysis of the ST-segment trend can be displayed 3-dimensionally (E) from existing personal computer-based 
software analysis of data downloaded from the EL-I. 
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FIGURE 2. Asymptomatic occlusion after elective angioplasty. Three-dimensional graphic output from personal computer-based 
software analysis of the EL-I electrocardiograph showing ST level (Y axis) in all 12 standard leads (Z axis) over time (X axis). 
Rotation favors appreciation of multilead ST-segment “‘fingerprint,’’ which is identical during angioplasty and in the subsequent 
spontaneous right coronary artery occlusion. Analog beats from lead aVF are from the continuous electrocardiographic 

record. The patient reached a steady state approximately 6 hours after angioplasty. 
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personal computer for further analysis or archival stor- 
age. 

The electrocardiograph is 2 inches X 6 inches X 12 
inches in size and weighs 2.9 pounds. Use of digital 
sampling and filtering techniques similar to those on 
many standard electrocardiographic carts allows a flat 
frequency response of 0 to 100 Hz with no phase shift 
distortion. Electrocardiograms are recorded by sam- 
pling electrical potentials simultaneously at 4-ms inter- 
vals from all 12 leads over a 10-second period at a reso- 
lution of 2.5 mV. 

Whereas most electrocardiographic monitors dis- 
criminate wave boundaries and beat types from only 
single- or dual-lead input, the EL-I uses digital, simulta- 
neous 12-lead technology to determine the dominant cy- 
cle configuration and form a representative QRS com- 
plex. These noise-reduced complexes help to distinguish 
QRS onset and offset as the earliest and the latest de- 
flections in any one of the simultaneously recorded 
leads,'* thus facilitating precise quantitation of the 
waveforms. Using these reference points, the ST seg- 
ments are measured at the J point + 60 ms. For optimal 
noise reduction, the limb leads are positioned on the tor- 
so; the precordial leads are in the standard positions 
(Figure 1). 

The device may be operated in either of 2 ST-seg- 
ment modes: “monitoring” or “surveillance.” In moni- 
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toring mode, the device acquires and stores electrocar- 
diograms at programmable intervals from every 20 sec- 
onds to every hour. In surveillance mode, the operator 
preprograms a threshold that defines the magnitude of 
ST-segment change considered to be abnormal, such as 
a 2-mm change in a single lead or a 1-mm change in 2 
leads. The device acquires and stores a baseline electro- 
cardiogram. A subsequent electrocardiogram is taken 
30 seconds later and compared to the baseline. If it is 
within the preset threshold, the process continues. If 2 
consecutive electrocardiograms show ST-segment ab- 
normality, however, the device stores those 2 records 
and all subsequent electrocardiograms at 30-second in- 
tervals over the next 3 minutes, documenting the event 
at “high resolution.” The last electrocardiogram of this 
series is used as the new baseline for subsequent surveil- 
lance mode comparisons. An alarm option may be se- 
lected that sounds at the bedside when such persistent 
ST abnormalities are detected. 

During normal operation of the monitor, a directory 
of the patient’s electrocardiographic frequency, includ- 
ing date and time, can be visualized with a button push 
(Figure 1A). From this directory any electrocardiogram 
may be selected and displayed on the monitor screen 
(Figure 1B). The limb leads (I, II, II, aVR, aVL and 
aVF) and the precordial leads (V; to Ve) are viewed on 
separate screens. At any time, a trend of the average ST 
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FIGURE 3. Persistently successful reperfusion of an acute infarct. Graphic format as in Figure 2. ST-segment “‘fingerprint”’ of 
left anterior descending occlusion shows anterolateral ST elevation with reciprocal inferior ST depression. Analog beats from 


lead V2 from the continuous electrocardiogra 
steady state approximately 20 minutes after the angioplasty. 


phic recording taken during the angioplasty are shown. The patient reached a 
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magnitude can be viewed at the bedside. The average 
ST magnitude is the normalized sum of the absolute ST 
levels from each of the 12 leads (summated ST trend). 
The horizontal, or time, axis of the ST trend on the 
monitor screen is segmented into 1-hour divisions (8 
hours total) with the time increasing from left to right. 
The vertical axis ranges from 0 to 500 mV (Figure 1C). 

The EL-I monitor also has clinically valuable off- 
line capabilities. A “hard copy” standard 12-lead elec- 
trocardiogram selected from the patient directory (Fig- 
ure 1D) can be obtained by downloading the stored 
data to a Hewlett Packard Plotter. Further, retrospec- 
tive analysis of the ST-segment trend can be displayed 
3-dimensionally for each of the 12 leads (inverse aVR) 
over time (Figure 1E). These graphics are easily gener- 
ated from existing personal computer-based software 
analysis of data downloaded from the EL-I (Interven- 
tional Cardiology Associates). 

Clinical applications of the monitor: The features of 
the EL-I electrocardiograph have made it especially 
suited for monitoring the ischemic activity in patients 
during reperfusion therapy and in the following hours in 
the cardiac care unit. This report focuses on 4 distinct 
situations in which the EL-I monitor detected valuable 
clinical information regarding coronary patency after 
thrombolysis: asymptomatic occlusion after elective an- 
gioplasty, persistently successful reperfusion of an acute 
infarct, symptomatic reocclusion after reperfusion of an 
acute infarct and asymptomatic reocclusion after reper- 
fusion of an acute infarct. 

Asymptomatic occlusion after elective angioplasty: 
A 57-year-old man underwent successful elective angio- 
plasty of a right coronary artery 5 days after receiving 
intravenous streptokinase. The EL-I monitor during the 
procedure revealed inferior ST-segment changes (Fig- 
ure 2). Though he remained asymptomatic, retrospec- 
tive analysis of the EL-I data showed ST elevation in 
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leads II, III and aVF identical to the pattern seen dur- 
ing angioplasty. Repeat angiography showed a com- 
pletely occluded right coronary artery. 

Persistently successful reperfusion of an acute in- 
farct: A 52-year-old man presented after 1 hour of 
chest pain onset, with ST-segment elevation in leads I, 
aVL and V; to Ve. The patient was taken immediately 
to the cardiac catheterization laboratory where an oc- 
cluded left anterior descending artery was demonstrated 
and successfully treated with angioplasty. The EL-I 
showed that the ST-segment activity reached a steady 
state within 20 minutes after reperfusion, with no fur- 
ther activity during monitoring (Figure 3). 

Symptomatic reocclusion after reperfusion of an 
acute infarct: A 60-year-old man presented with 2.5 
hours of chest pain and ST elevation in leads II, III and 
aVF. He was given intravenous streptokinase and taken 
immediately to the cardiac catheterization laboratory. 
Emergent angioplasty of a completely occluded right 
coronary artery was successful. Six hours later the EL-I 
alarm triggered, and chest pain woke the patient. Im- 
mediate viewing of the EL-I screen showed ST-segment 
changes in the leads identical to those that had shown 
activity during angioplasty (Figure 4). With medica- 
tion, the patient’s angina subsided and the ST-segment 
changes resolved. Fourteen hours after angioplasty, the 
EL-I was triggered again by recurrent ST eleva- 
tion. Follow-up catheterization performed 10 days later 
showed an occluded right coronary artery. 

Asymptomatic reocclusion after reperfusion of an 
acute infarct: A 63-year-old man received intravenous 
streptokinase in a community hospital 1.5 hours after 
onset of chest pain. The patient stabilized over the next 
several hours. The following day he had recurrent chest 
pain associated with transient ST elevation in leads II, 
III and aVF. He was transferred for elective angio- 
plasty. The night before the procedure, the EL-I alarm 


FIGURE 4. Symptomatic 
reocclusion after reperfu- 
sion of an acute infarct. 
Graphic format as in Fig- 
ure 2. ST-segment “‘fin- 


episode (14 hours) shows 
minimal ST-segment re- 
covery, suggesting persis- 
tent reocclusion despite 
the absence of symptoms 
in the sedated patient, lat- 
er confirmed at follow-up 
catheterization. Analog 
beats from lead aVF are 
from the continuous elec- 
trocardiographic record. 
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triggered during several episodes of transient ST eleva- 
tion (Figure 5). The patient was awakened and reported 
only nausea. Urgent catheterization showed a proximal 
occlusion of the right coronary artery and angioplasty 
was performed. 


DISCUSSION 

Intravenous thrombolytic therapy is desirable for the 
limitation of infarct size because it can be given early 
and requires no specialized equipment. In the best of 
circumstances, however, 19 to 69% of patients will not 
reperfuse with this therapy alone, depending on the 
agent, the timing and the dosage.!3-!6 Of the patients 
who do reperfuse, 14 to 50% will develop ischemia or 
suddenly reocclude the infarct vessel, often in the ab- 
sence of symptoms, while in the cardiac care unit.!5-17-1? 
Such patients would require further aggressive treat- 
ment, because failed thrombolysis or reocclusion after 
successful thrombolysis is associated with greater im- 
pairment of left ventricular function and increased early 
and late mortality.!3:!4.!8,2021 Use of a device, such as 
the EL-I monitor, could provide timely identification of 
these patients, thus accelerating the administration of 
additional therapy. The EL-I could also spare those pa- 
tients with successful reperfusion the risk and cost of 
further unnecessary treatment. 

The use of ST-segment changes as noninvasive 
markers of reperfusion has had mixed results, due in 
part to the limitations inherent in obtaining static elec- 
trocardiograms at fixed and infrequent intervals. In 
the Thrombolysis In Myocardial Infarction experience, 
electrocardiograms taken 6 hours apart were unable to 
distinguish between patients with successful versus un- 
successful reperfusion. Comparing admission ST levels 
with those at 90 minutes after thrombolytic therapy, 
Califf et al! found ST recovery to be a highly specific 
but very insensitive marker of angiographically con- 
firmed reperfusion, similar to the findings of Kircher 
et al.” 


FIGURE 5. Asymptomatic 
ion after reperfu- 
sion of an acute infarct. 
Graphic output as in Fig- 
ure 2. ST-segment “‘fin- 


The persistent ST eleva- 
tion at 6 hours led to ur- 





Evaluation of the ST-segment changes on continu- 
ous, rather than static, electrocardiographic recordings 
has increased sensitivity and specificity for the detection 
of coronary patency.’2-24 The continuous format can 
reflect even transient ST changes by using each patient 
as his own baseline. As previously reported,” and as 
evidenced by several of the patients detailed in this re- 
port, dramatic ST-segment alterations that reflect ei- 
ther coronary occlusion or reperfusion can occur within 
seconds. Hence, it is likely that static electrocardio- 
graphic sampling over fixed intervals may miss the peak 
ST activity and incompletely assess the ongoing rate of 
ST change, both of which are valuable clinical markers. 
Further, because the isoelectric ST level is not achieved 
immediately even with successful reperfusion,”* deter- 
mination of an individual patient’s steady ST-segment 
state requires a patient-specific reference point. Where- 
as static electrocardiograms are able to reveal whether 
there is relative ST-segment improvement, it is impor- 
tant for the clinician to be able to judge whether such 
improvement has stabilized or is still improving to opti- 
mally determine the patient’s response to the therapy. 

It has been shown previously that 3-lead Holter 
monitor acquisitions during both elective angioplasty 
and infarction provide a template or “ST-segment fin- 
gerprint” that is both coronary and patient specific.*® 
Such “fingerprint” patterns have been valuable for de- 
tection of high-risk patients, even in the complete ab- 
sence of symptoms. The 12-lead format of the EL-I 
would augment this information. Combined with its 
real-time capability, the EL-I may contribute unparal- 
leled noninvasive information about the efficacy of 
emergent thrombolytic therapy at the bedside. Thus, 
rather than using an arbitrary limit of ST deviation to 
detect abnormality in a limited number of leads, the 
EL-I could be programmed to detect abnormality using 
all 12 leads based on a match to the known ST finger- 
print of the individual patient. In the event of a strong 
correlation with the infarction pattern, the device could 
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potentially detect abnormality and alarm as low as 0.2 
mm of change. 

Continuous electrocardiographic monitoring has of- 
ten been limited to devices that may have poor electron- 
ic fidelity, a limited number of leads and delayed analy- 
sis. This report describes a newly available monitor that 
affords real-time capability with simultaneous 12- 
lead acquisition using microprocessor-driven electronics 
whose full value in clinical applications is only begin- 
ning to be tested. Its usefulness appears to be in the 
setting of reperfusion therapies, both as a marker of 
successful reestablishment of coronary flow and as a 
coronary care unit monitor for enhanced detection of 
recurrent ischemia due to sudden reocclusion of the in- 
farct-related vessel. 
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Predischarge Maximal Exercise Test Identifies 


Risk for Cardiac Death in Patients with Acute 
Myocardial Infarction 


Jens Rokkedal Nielsen, MD, Hans Mickley, MD, Else Marie Damsgaard, MD, 
and Anders Frøland, MD 


A maximal exercise test was performed in 54 
patients with acute myocardial infarction (AMI) 
before discharge and in 49 age-matched control 
subjects. The long-term prognosis was assessed 
after an average follow-up of 7.6 years in AMI 
patients and 5.8 years in control subjects. The 
maximal work capacity and systolic blood pressure 
increase in AMI patients was 59% that of control 
subjects (p <0.001). Seventeen AMI patients had 
significant ST-segment shifts, 13 with ST depres- 
sion and 4 with ST elevation. In AMI patients expe- 
riencing a cardiac death during follow-up the maxi- 
mal work capacity and systolic blood pressure in- 
crease were significantly lower than in survivors 
and those who died from noncardiac reasons (p 
<0.01; p <0.05), with no difference between these 
groups in the number of patients with ST-segment 
shifts. The average maximal work capacity of con- 
trol subjects was 143 watts. A maximal work ca- 
pacity half this (<72 watts) predicted long-term 
mortality in AMI patients (p <0.001). In addition a 
low increase in systolic blood pressure (<30 mm 
Hg) also predicted long-term mortality (p <0.005), 
whereas ST shifts were of no significant value. In 
this study maximal work capacity turned out to be 
the best single exercise variable for identifying 
groups of AMI patients with very low and relative 
high risk of cardiac death. When all 3 exercise vari- 
ables were combined, the predischarge maximal 
exercise test was of great value in identifying AMI 
patients at low risk for cardiac death (predictive 
value of a negative test: 95%). 

(Am J Cardiol 1990;65:149-153) 
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tion offers 2 major benefits. High-risk patients 

can be identified for closer medical follow-up 
and further diagnostic and therapeutic procedures can 
be instituted to alter their poor prognosis. Patients at 
low risk may be spared needless invasive studies and 
unwarranted physical restrictions. 

The prognostic value of early exercise testing after 
acute myocardial infarction (AMI) has not been ade- 
quately established. Only few investigators have shown 
a positive correlation between the development of signif- 
icant ST-segment depression and l-year! as well as 
long-term mortality.2 Several investigators have dem- 
onstrated that ST-segment depression is significantly 
prognostic for subsequent cardiac events.?-!9 However, 
other investigators have not been able to find this 
relation.!!-!5 Davidson and DeBusk’ found a maximal 
workload <4 METs predictive of subsequent cardiac 
events in patients without significant ST depression or 
angina pectoris during exercise testing after AMI. Oth- 
er investigators have noted that patients with a low 
maximal workload have an increased risk of subsequent 
cardiac events! or long-term mortality.!© However, 
Fioretti et al!* found no difference in work capacity be- 
tween survivors and nonsurvivors of AMI. Finally, a low 
increase or decrease in systolic blood pressure during 
exercise testing early after AMI has been predictive of 
future cardiac events®:!° or mortality.>!417 Again, these 
results have been contradicted by others.? 

This study aims to clarify the following questions 
about a maximal exercise test performed before dis- 
charge by patients with AMI: By how much do de- 
creases in maximal work capacity in AMI patients dif- 
fer from an age-matched randomly selected control 
group? What is the long-term prognostic value of maxi- 
mal work capacity, systolic blood pressure increase and 
ST-segment shifts? 


Ri stratification of survivors of myocardial infarc- 


METHODS 

Patients: During a 15-month period ending in 1978, 
61 consecutive patients <67 years of age experienced 
AMI. Seven were excluded (3 did not want to partici- 
pate, 1 was referred to another hospital and 3 were un- 
able to exercise due to orthopedic problems). Only 3 of 
the remaining 54 patients were women. 

Control subjects: The control subjects were age- 
matched men randomly selected from the municipal 
register. Of the 61 contacted by letter and telephone, 49 
were included and performed the exercise test during 
the months of January and March 1980. Twelve were 
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excluded (6 did not want to participate, contact was not 
established with 3 and 3 were excluded for noncardiac 
reasons). 

Study procedure: AMI patients and control subjects 
performed a maximal exercise test on a bicycle ergome- 
ter (Siemens-Elema), beginning with 50 watts (3.3 
METs) for 6 minutes, and with increments of 50 watts 
every 6 minutes until exhaustion or other reasons for 
stopping the test.!8 In women the workload given was 
half that of men. Cuff systolic blood pressure was ob- 


Maximal work capacity. 
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FIGURE 1. Kaplan-Meier analysis demonstrates that low 
maximal work capacity (Max watt) and low systolic blood 
pressure increase (A SBP) at maximal exercise test pre- 
discharge are related to significant cumulative probability of 
cardiac death. This was not the case for ST-segment shifts. 
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tained before exercise, in the last minute of each exer- 
cise stage, at maximal exercise and at 1, 2 and 10 min- 
utes in the recovery phase. An electrocardiogram (Vj, 
Vs, V6) was recorded simultaneously with the blood 
pressure measurements. The exercise tests were carried 
out when the patients were ready for discharge. All pre- 
scribed medications were maintained during the exer- 
cise tests. Maximal work capacity was expressed 
as maximal watts calculated as previously described.!? 
Low work capacity of AMI patients was defined as up 
to half the mean value of control subjects. Cardiovascu- 
lar response was expressed as an increase in systolic 
blood pressure. An increase in systolic blood pressure of 
<30 mm Hg was defined as a low blood pressure re- 
sponse. An ischemic response was defined as ST-seg- 
ment shifts of =>1 mm. The predictive value of a positive 
and a negative test was evaluated for each variable, and 
for the combined variables. 

Follow-up period: The follow-up period was 7.6 + 
0.4 years for the AMI patients and 5.8 + 0.1 years for 
control subjects. The endpoints were cardiac and non- 
cardiac death. 

Data handling and statistical procedures: Data were 
collected on precoded forms and entered into a comput- 
er file. The Student ¢ test was used to compare mean 
values and a chi-square test was used to compare inci- 
dences of discrete variables between groups. Kaplan- 
Meier analyses were used to demonstrate if exercise 
variables were correlated with a significant cumulative 
probability of cardiac death. A p value <0.05 was 
deemed significant. 


RESULTS 

Acute myocardial infarction: PREDISCHARGE: The 
mean age of the patients was 55 + 8 years. Thirteen 
patients (24%) had had a previous myocardial infarc- 
tion. The mean duration of hospitalization was 20 + 6 
days, with a maximal lactic dehydrogenase (LDH) of 
1,441 + 981 U/liter. The AMI was complicated by 
ventricular fibrillation in 13%, heart failure in 9%, angi- - 
na pectoris in 6%, atrioventricular block in 4% and su- 
praventricular tachycardia in 6%. No significant differ- 
ences between the AMI subgroups were found in inci- 
dence of previous infarction, duration of hospitalization, 
maximal LDH and complications. Twenty-one patients 
were treated with cardioactive drugs: digoxin (13 pa- 
tients), B-blocking agents (8 patients) and calcium an- 
tagonists (3 patients). Twenty-nine percent of survivors 
had been treated with at least 1 of these agents; in those 
with the endpoints of cardiac and noncardiac death 69 
and 14%, respectively, were treated with at least 1 of 
these agents. This difference was not significant (p 
<0.08). 

Follow-up: Sixty-six cardiac events occurred in 33 of 
the AMI patients during 7.6 + 4 years of follow-up. 
Thus, a cardiac death occurred in 16, noncardiac death 
in 7, 16 episodes of reinfarction in 14, 20 episodes of 
unstable angina pectoris in 15 and 7 episodes of cardiac 
failure in 5 patients. 

Exercise test: The exercise variables for the control 
subjects and for the AMI subgroups specified for survi- 
vors and those who died from cardiac or noncardiac 


AMI Subgroups 


Cardiac 
Total Death 


No. of 54 16 
subjects 
Maximal work 
Capacity (watts) 
Systolic blood 
pressure in- 
crease (mm Hg) 
No. of sub- 17 (31) 8 (50) 
jects with ST- 
segment shifts (%) 


84 + 32* 62+ 27t 


45 + 20* 30415 


Noncardiac 


Death Survivors Control Subjects 


49 
143 + 42 


19% 25 


3 (6) 


* p <0.01 patients vs control subjects; t patients with cardiac death in the follow-up period vs survivors; *6 men and 1 woman; ê 29 men and 2 women. 


AMI = acute myocardial infarction. 


deaths during follow-up are listed in Table I. The AMI 
patients had a maximal work capacity 59% that of the 
control subjects, and a systolic blood pressure increase 
59% of the control subjects. Thirty-one percent of the 
AMI patients had significant ST-segment shifts com- 
pared to 6% of the control subjects. Those who died 
from cardiac reasons at follow-up had a maximal work 
capacity 43% of the control subjects, and a systolic 
blood pressure increase 38% of the control subjects. Fif- 
ty percent of the patients had significant ST-segment 
shifts. The exercise variables were almost equal between 
AMI survivors and those who died from noncardiac rea- 
sons (Table I). Reasons for stopping the exercise test for 
AMI patients and control subjects are listed in Table II. 
Serious complications such as VT, VF and death were 
not observed. Ninety-six percent of the control subjects 
had a maximal work capacity >100 watts. No signifi- 
cant correlation was found between maximal work ca- 
pacity and maximum LDH (r = 0.01, difference not 
significant, n = 49). 

Prediction of long-term mortality: In patients with a 
maximal work capacity <72 watts, cardiac deaths oc- 
curred in 60%, and in patients with maximal work ca- 


FIGURE 2. The accuracy 
of a positive and negative 
predischarge exercise test 
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TABLE Il Reasons for Stopping the Exercise Test in AMI 
Patients and Control Subjects 


AMI (%) Control Subjects (%) 


Fatigue 

Dyspnea 

Angina pectoris 

Arrhythmias 
Electrocardiographic changes 
Other 





pacity >72 watts cardiac deaths occurred only in 11% 
(Table III). In patients with a systolic blood pressure 
increase <30 mm Hg cardiac deaths occurred in 64% 
and in patients with a blood pressure increase 230 mm 
Hg cardiac deaths occurred only in 18%. In patients 
with significant ST-segment shifts cardiac deaths oc- 
curred in 47%, compared to 23% in those with no signif- 
icant ST changes. Kaplan-Meier analysis demonstrated 
that low maximal work capacity and low systolic blood 
pressure response were correlated with significant cu- 
mulative probability of cardiac death (Figure 1). This 
was not the case for ST-segment shifts (Figure 1). Fig- 


C] Maximal work capacity 


C) Systolic blood pressure 
increase 


X ST changes 


®&) Variables combined 


60 80 


Predictive accuracy of a positive test 





THE AMERICAN JOURNAL OF CARDIOLOGY JANUARY 15,1990 151 


= —— 
+ = 


ae “Se Fe Ge ery) re, ee Fels Sane cer Tai 


TABLE Ill Predischarge Exercise Variables Predict Long-Term Mortality* 


Cardiac 
Death 


Maximal watts 
<72 
>72 
Systolic blood 
pressure increase (mm Hg) 
<30 


230 
ST-segment changes (mm) 
21 


<1 
Combined variables 


Positive test 


Negative test 


Noncardiac 
Death Survivors 


* A negative test occurred when none of the following variables were present: maximal watts <72 watts; systolic blood pressure increase <30 mm Hg; and significant ST-segment 


shifts. 
NS = not significant. 


ure 2 shows the predictive accuracy of a positive and 
negative test when maximal work capacity, systolic 
blood pressure increase and ST-segment shifts were 
evaluated separately or in combination. The predictive 
accuracy of a negative test for the exercise variables is 
fairly high (77 to 88%), especially for the combined ex- 
ercise variables (95%). Such a low risk was found in 
37% of AMI patients in this study (Table III). 

Control subjects: INITIAL: The mean age of the con- 
trol subjects was 55.8 years. Previous AMI was report- 
ed in 2, angina pectoris in 3, hypertension in 5 and 
chronic pulmonary disease in 5 of them. Three were 
treated with digoxin and 3 with 6-blocking agents. Six 
subsequent cardiac events occurred in 5. Two subjects 
had a nonfatal AMI, 1 was hospitalized due to angina 
pectoris and cardiac failure and 2 died from noncardiac 
reasons. 


DISCUSSION 

Although maximal exercise testing has rarely been 
used before hospital discharge, this type of exercise test 
has been shown to be safe in this and other studies.?®?! 
In some studies patients who could not exercise for the 
expected duration of their protocol had an increased 
mortality risk over the next year.!5?223 If, however, they 
could go the full duration of a submaximal workload, 
the risk was very low. Although these studies seem able 
to define low- and high-risk groups, no information is 
given concerning the maximal work capacity of the 
AMI patients, and their work capacity is not compared 
to the normal population. Knowledge of these data may 
have important psychological benefits for patients and 
help cardiologists in the development of postdischarge 
guidelines for exercise prescription. Finally, maximal 
work capacity might elicit further prognostic informa- 
tion. 

In other studies of normal populations that were 
age-matched to AMI patients, a maximal work capacity 
>100 watts was found in 92%* and 95%.*° This is in 
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accordance with the findings of 96% in our control 
group. Our study showed that AMI patients had a max- 
imal work capacity of 59% that of the control subjects. 
However, patients with endpoints of cardiac death had 
a maximal work capacity of 43% of control subjects. In 
survivors and those with an endpoint of noncardiac 
death, maximal work capacity was 66 and 63%, respec- 
tively. These results imply that a low maximal work ca- 
pacity before discharge may be of prognostic value. 
When a low maximal work capacity was defined as 
<50% that of control subjects a Kaplan-Meier analysis 
showed that low maximal work capacity actually was 
correlated with a significant cumulative probability of 
cardiac death. Thus, a predischarge maximal work ca- 
pacity may be of great clinical value in identifying pa- 
tients with low and high risk of future cardiac death. A 
low maximal work capacity may be the result of a de- 
creased left ventricular function. This is in accordance 
with several other studies showing that a low left ven- 
tricular ejection fraction after AMI is correlated with 
future coronary events??? and mortality as sole end- 
point. !3.14.17 

Myocardial function can also be judged by exercise- 
induced blood pressure response. In accordance with 
Fioretti et al,!* our results suggest that inability to in- 
crease systolic blood pressure by at least 30 mm Hg 
expresses poor myocardial function, and significantly 
predicts long-term mortality (Figure 1). In several other 
studies the lack of adequate blood pressure response 
early after AMI was associated with an increased 
l-year mortality!>!517 and an increase in coronary 
events,°!0 

The bad prognosis associated with exercise parame- 
ters indicating a poor left ventricular function may be 
caused by large infarcts or may be due to myocardial 
ischemia caused by multivessel disease.*® 

In our study 6% of control subjects and 26% of survi- 
vors had significant ST-segment shifts and a low risk of 
cardiac death. The ST-segment changes in this group 


may therefore be caused by myocardial ischemia due to 
minor coronary stenoses or good collateralization. Al- 
though when compared to survivors maximal work ca- 
pacity and systolic blood pressure response were signifi- 
cantly decreased in patients with the endpoint of cardiac 
death, significant ST-segment shifts were not. However, 
50% of these patients had significant ST-segment shifts. 
This indicates that at least some of the patients with 
bad left ventricular function variables during exercise 
may have a bad prognosis not due only to larger infarc- 
tions, but also due to multivessel disease. In accordance 
with this thesis no significant correlation was found be- 
tween maximal LDH and maximal work capacity. 

However, some of the patients with ST-segment 
changes had increased ST elevations. These changes 
may be proportional to the size of the infarction,??*° 
and ST elevation appears to be a bad prognostic mark- 
er,””3° even though this conclusion has been anticipated 
by others.”:!° 

This study has shown that in consecutive survivors of 
AMI a predischarge maximal exercise test is a safe and 
effective diagnostic procedure for identifying patients 
with low and high risk of cardiac death. When the exer- 
cise variables are combined, the predischarge maximal 
exercise test seems to be of great clinical value, especial- 
ly in identifying AMI patients at low risk, the predictive 
accuracy of a negative test being 95%. Such a low risk 
was found in 37% of AMI patients in this study. These 
patients may not require either coronary angiography or 
B-blocking agents. Furthermore, the predischarge exer- 
cise test can be used to guide cardiac rehabilitation and 
bring to the patient important psychological benefits, 
decrease the period of convalescence and improve the 
return-to-work rate. The AMI patients at high risk 
should be followed in outpatient clinics and may require 
various types of medical treatment such as 8 blockers 
and even coronary angiography with a view of revascu- 
larization procedures. 
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Clinical and Prognostic Significance 
of Lung Thallium Uptake on Rest Imaging 
in Acute Myocardial Infarction 


Diwakar Jain, MD, Avijit Lahiri, MB, MSc, and Edward B. Raftery, MD, 
with the technical assistance of Usha Raval 


Exercise-induced pulmonary uptake of thallium- 


201 in patients with ischemic heart disease is prob- 
ably due to transient pulmonary edema and left 
ventricular failure induced by exercise. The signifi- 
cance of increased lung uptake of thallium-201 at 
rest after acute myocardial infarction (AMI) has not 
been described. Ninety-six patients admitted with 
chest pain for suspected AMI or unstable angina 
underwent thallium-201 imaging at rest. Using 
conventional diagnostic criteria, 62 had AMI, 12 
had unstable angina and 22 had neither. Increased 
lung uptake of thallium-201 was present in 24 of 
the total 96 (25%) patients, 20 of the 62 (32%) 
patients with AMI and 4 of 34 (13%) patients with 
no evidence of infarction. In the AMI group, those 
with increased lung thallium-201 uptake had a 
higher mean + standard deviation segmental 
thallium-201 defect score (22 + 7 vs 12+ 8, p 
<0.0001), lower ejection fraction (35 + 14 vs 49 + 
14%, p <0.002), higher peak creatine kinase levels 
(2,410 + 1,247 vs 1,496 + 1,228 IU /iter, p 
<0.01), higher wall motion abnormality score (25 + 
13 vs 13 + 12, p <0.0001), increased incidence of 
clinical in-hospital heart failure (15 of 20 vs 7 of 
42, p <0.0001) and higher short-term mortality (4 
of 20 vs 1 of 42, p <0.02) compared to those with- 
out increased lung thallium-201 uptake. On step- 
wise discriminant function analysis, congestive 
heart failure emerged to be the most important de- 
terminant (F = 33.3) and thallium-201 defect score 
to be the most important correlate (F = 20.07) of 
abnormal lung thallium-201 uptake. The finding of 
increased lung thallium-201 uptake may comple- 
ment the clinical information derived from rest 
thallium-201 imaging during AMI and may be used 
for the assessment of acute infarction-limiting 
interventions. 

(Am J Cardiol 1990;65:154-159) 
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testing has been observed in patients with coronary 

artery disease.'-* This finding correlates with the 
severity of underlying coronary artery disease and the 
degree of impairment of left ventricular function.?~> 
Recent studies have shown that exercise-induced lung 
thallium-201 uptake has significant prognostic implica- 
tions in patients with coronary artery disease.” Patients 
with abnormal lung thallium-201 uptake during exer- 
cise show a higher mortality and adverse cardiac events 
during follow-up compared to those without this find- 
ing.” Previous investigators have reported the finding 
of increased lung thallium-201 at rest in patients with 
acute pulmonary edema after acute myocardial infarc- 
tion (AMT) and in other situations characterized by 
compromised left ventricular function or elevated left 
atrial pressure.”!° There are few data on the signifi- 
cance of this finding in a large group of patients with 
AMI, however. In a prospective study, patients admit- 
ted with suspected AMI or unstable angina under- 
went rest thallium-201 imaging, radionuclide ventric- 
ulography and coronary arteriography. We observed in- 
creased lung uptake of thallium-201 at rest in some pa- 
tients with AMI and we describe the clinical, hemody- 
namic and prognostic significance of this finding. 


[eine lung uptake of thallium-201 during exercise 


METHODS 

Ninety-six consecutive patients admitted to the coro- 
nary care unit with chest pain thought to be due to 
AMI or unstable angina were studied prospectively. Pa- 
tients in cardiogenic shock (Killip class IV) or with ter- 
minal cardiac illness at the time of admission were not 
included. Women of child-bearing age were excluded, 
as were patients with valvular heart disease, myocardi- 
tis, cardiomyopathy or left bundle branch block. Con- 
sent was obtained from all patients and the study was 
approved by the hospital’s ethical committee. 

Study design: Patients presenting within 48 hours of 
the onset of chest pain were entered in the study. Rest 
thallium-201 imaging was carried out within 4 days of 
the onset of chest pain. Rest radionuclide ventriculog- 
raphy was performed 5 to 14 days later, and cardiac 
catheterization was performed 4 to 6 weeks later. 

For the estimation of total serum creatine kinase and 
the MB fraction, venous blood samples were drawn ev- 
ery 6 hours for the first 36 hours and every 8 hours for 
the next 36 to 48 hours. Standard 12-lead electrocardio- 
grams were obtained at the time of admission, during 
episodes of chest pain and daily during the hospital stay. 





Thallium-201 scintigraphy: Thallium-201 was given 
intravenously in a dose of 74 MBq 72 to 96 hours after 
the onset of chest pain. Planar cardiac images were ob- 
tained in 3 standard views (anterior, 45° left anterior 
oblique and left lateral) starting 15 to 20 minutes after 
the injection. Each view was acquired over 10 minutes 
using a General Electric 400 AT gamma camera and a 
Star computer (IGE Medical Systems Ltd.). The ener- 
gy window was adjusted for thallium-201 photopeak 
(69 to 83 keV). The data were stored in a 128 X 128 
matrix for further analysis. 

Radionuclide ventriculography: Red cells were la- 
beled in vivo with 740 MBg of technetium-99m pertech- 
netate. Equilibrium gated blood pool ventriculography 
was performed in 3 standard views (anterior, 30 to 45° 
left anterior oblique with 5 to 10° caudal tilt to obtain 
best septal separation and left lateral). Twenty-four 
frames/cardiac cycle were obtained for a fixed count 
number of 5 million using an Elscint 215M mobile 
gamma camera (Elscint). 

Coronary arteriography: Coronary arteriography 
was performed 4 to 6 weeks later in multiple projec- 
tions. Coronary arteries with 250% luminal narrowing 
seen in at least 1 view were considered as vessels with 
significant disease. 


Tl defect scores 


Normal perfusion 
Slight impairment of 
perfusion (>25% of 
max cardiac count 
Slight perfusion 

(> background) 

No perfusion 





L-TI score 


O No uptake 

1 L-Tl > background 

2 L-Tl > background 
< myocardium 

3 L-Tl = myocardium 

4 L-Tl > myocardium 


TABLE I Classification of the Study Population (n = 96) 


No Evidence of AMI 
AMI Unstable Angina or Resting Ischemia 
(n= 62) (n = 12) (n = 22) 


Variable 


Age (yrs) 
M:F 


60+10 54411 

: 49:13 6:6 

Diabetes mellitus 7 4 

Systemic hypertension 19 6 
(>165/100 mm Hg) 

Healed MI 18 9 

Abnormal L-TI 20* 1 


* p <0.02. 
AMI = acute myocardial infarction; L-TI = lung thallium-201 uptake. 


Data interpretation: All data were analyzed by 2 
trained and blinded observers. Patients were classified 
into 3 groups: AMI, unstable angina and no evidence of 
AMI or resting ischemia, based on the results of cardiac 
enzymes, electrocardiograms and clinical course inde- 
pendent of thallium-201 results. 

Thallium-201 images were interpreted semiquantita- 
tively using a polar scoring system.!! The left ventricu- 
lar myocardium in each planar view was divided into 5 
segments and each segment was scored as shown in Fig- 
ure 1. The left ventricular myocardium was divided into 


Lateral 


[Inferior 


WMA score 


O Normal wall motion 
1 Mild hypokinesia 

2 Severe hypokinesia 
3 Akinesia 

4 Dyskinesia 





FIGURE 1. Schematic representation of the left ventricular myocardium as seen on planar views and on polar image and the 
scores on thallium-201 images and radionuclide ventriculography. Ant = anterior; LAO = left anterior oblique; LLat = left later- 
al; L-TI = lung thallium-201 uptake; TI = thallium; WMA = wall motion abnormality. 
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L-TI present 
(n = 20) 


Age (yrs) 
M:F 


Systemic hypertension 
Diabetes mellitus 
Healed MI 
Thallium-201 defect score 
LVEF (%) 
WMA score 25213 
Peak CK 2,410+ 1,247 
CE of heart failure 15 
No diseased vessels 
Q-wave AMI 
Location of AMI 

Anterior 

Inferior 

No ECG location 
Interval between pain and 

Thallium-201 imaging (hrs) 
Deaths 


eae Wd 
3514 


1.90.8 


F 
(discriminant 
analysis) 


35:7 
13 
5 
13 
1248 
49414 
13412 
1,496 + 1,228 
7 
1.90.8 


AMI = acute myocardial infarction; CE = clinical evidence; CK = creatine kinase; EF = ejection fraction; ECG = electrocardiographic; L-TI = lung thallium-201 uptake; LV = left ven- 


tricular; NS = not significant; WMA = wall motion abnormality. 


anterior, lateral, inferior and septal walls and apex. 
Each wall was further subdivided into 4 segments and 
the apex into 2 segments (Figure 1). The scores of indi- 
vidual segments were added to obtain a thallium-201 
defect score. 

The lung fields in the anterior view were examined 
for evidence of thallium-201 uptake. Abnormal lung 
thallium-201 uptake was considered to be present when 
the mediastinum appeared as a tracer-free region in 


LANT 





FIGURE 2. Rest thallium-201 (anterior view) of a 58-year-old 
man with acute inferolateral myocardial infarction and no 
previous myocardial infarction. The left ventricular ejection 
fraction was 32%; peak CK was 1,678 IU/iter. The left 
circumflex coronary artery was totally occluded and the left 
anterior descending artery had 50% narrowing. Open arrow 
indicates myocardial perfusion defect and solid arrow 
indicates abnormal lung thallium-201 uptake. 
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contrast to the medial borders of the lungs. Lung thalli- 
um-201 uptake was graded according to increasing ac- 
tivity of the tracer. Grade 0 was thought to be present 
when the mediastinum could not be clearly delineated. 
Grade 1 was present when the lung activity was just 
above the background but the mediastinal border was 
clearly identified. Grade 2 was present when lung activi- 
ty was clearly higher than background but less than 
maximal cardiac intensity. Grade 3 was present when 
cardiac and lung activity were equal. Finally, grade 4 
was present when lung activity exceeded maximal heart 
activity (Figure 1). Differences in opinion were settled 
by input from a third experienced blinded observer and 
the majority opinion prevailed. 

Radionuclide ventriculography was analyzed using a 
semiautomatic program to calculate the left ventricular 
ejection fraction.'? The left ventricular myocardium was 
divided into 5 segments in each of the 3 views and each 
segment was scored for wall motion abnormality as 
shown in Figure 1. A total score obtained from all the 
segments with wall motion abnormality was designated 
as the wall motion abnormality score. 

Patient contact was maintained for up to 9 months 
after the original event. Any adverse cardiac event was 
recorded. 

Statistical analysis: All values were expressed as 
mean + standard deviation. Continuous variables were 
each compared using Student’s unpaired 2-tailed ¢ test, 
whereas discrete variables were analyzed using the chi- 
square test. A p value <0.05 was considered significant. 
Stepwise discriminant function analysis was performed 
across all variables using the BMDP statistical pack- 
age.!3 


RESULTS 
Rest thallium-201 images were obtained in 96 pa- 
tients (67 men, 29 women). Sixty-two patients had an 


AMI, 12 had unstable angina and 22 had neither. Table 
I lists the patient characteristics in each group. Region- 
al myocardial perfusion abnormalities were seen in 58 
of 62 (94%) with AMI. Abnormal lung thallium-201 
uptake was present in 24 patients; 20 of 62 patients with 
acute myocardial infarction (Figure 2) and 4 of 34 
without acute myocardial infarction (p <0.02). 

Of the 4 patients with abnormal lung thallium-201 
but without AMI, 1 had unstable angina, | had previ- 
ous AMI and left ventricular aneurysm, 1 had acceler- 
ated systemic hypertension and hypertensive heart fail- 
ure and 1 had no evidence of obstructive coronary ar- 
tery or pulmonary disease. Table II lists a comparison 
between the patients with AMI and abnormal lung thal- 
lium-201 uptake and those with AMI without lung thal- 
lium-201 uptake. Age, sex, incidence of hypertension, 
diabetes and prevalence of healed myocardial infarction 
did not differ in the 2 groups. However, there were sig- 
nificant differences when thallium-201 defect scores, 
wall motion abnormality scores, ejection fraction, peak 
creatine kinase levels and incidence of heart failure were 
compared (Table II, Figures 3 and 4). 

In the group with increased lung thallium-201 up- 
take, the segmental thallium-201 defect score was high- 
er (22 + 7 vs 12 + 8, p <0.001). None of the 4 patients 


TI defect score 


P< 0.0001 


s 
: 
i 
8 
i 
-tt 


kefi L-T| 
absent present 





with AMI without segmental thallium-201 abnormality 
had an increased lung thallium-201 activity. The pa- 
tients with abnormal lung thallium-201 uptake had 
greater impairment of left ventricular ejection fraction 
(34 + 14 vs 49 + 14%, p <0.002). Wall motion abnor- 
mality score was also higher in the patients with abnor- 
mal lung tracer uptake (25 + 13 vs 13 + 12, p <0.001). 
The peak creatine kinase levels were higher in the group 
with increased lung thallium-201 uptake (2,410 + 1,247 
vs 1,496 + 1,228 IU/liter; p <0.01) (normal range 20 
to 205). A higher percentage of the patients with in- 
creased lung thallium-201 uptake had clinical evidence 
of left ventricular failure (75 vs 17%, p <0.0001) during 
the hospital stay. 

Coronary angiography was performed in 17 of 20 
patients with AMI and abnormal lung thallium-201 and 
in 37 of 42 with AMI but with no pulmonary thallium- 
201 uptake. All but 1 patient in the latter group had 
significant obstructive coronary artery disease. How- 
ever, there were no differences between the mean num- 
ber of the coronary arteries with significant disease in 
the 2 groups of patients (1.94 + 0.83 vs 1.91 + 0.82, 
difference not significant). 

The time interval between the onset of chest pain 
and thallium-201 imaging did not differ in the patients 
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FIGURE 3. Comparison of the thallium-201 defect scores and wall motion abnormality scores between the group of patients 
with acute myocardial infarction and lung thallium-201 uptake and the group with acute myocardial infarction and no lung 


thallium-201 uptake. Abbreviations as in Figure 1. 
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with AMI and abnormal lung thallium-201 uptake 
compared to those with AMI but without lung thalli- 
um-201 uptake (82 + 21 vs 80 + 29 hours, difference 
not significant). 

Of the 20 patients with abnormal lung uptake of 
thallium-201, 5 (25%) had grade 3 uptake, 5 (25%) had 
grade 2 uptake and 9 (45%) had grade 1 uptake. None 
had grade 4 uptake. All 5 patients with grade 3 lung 
uptake had overt left ventricular failure and had lower 
ejection fractions compared to those with grade 1 up- 
take. The small numbers did not permit subgroup anal- 
ysis, but the degree of rest lung thallium-201 uptake 
corresponded with the underlying severity of left ven- 
tricular dysfunction. 

Stepwise discriminant function analysis showed 
heart failure to be the most important determinant of 
abnormal lung thallium-201 uptake. The F values in 
Table II show the relative importance of the parame- 
ters. When the clinical variables were excluded, thalli- 
um-201 defect score emerged as the most important 
correlate of abnormal lung thallium-201 uptake. 

During the short-term follow-up (to 9 months), there 
were 6 deaths among the 95 patients, and all were of 
cardiac origin. One patient in the noninfarction group 
was lost to follow-up. Five deaths occurred in the pa- 


Ejection fraction 


P< 0.002 
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DD 


OR >> Boror pp 
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P< 0.01 


tients with acute infarction and 1 in the unstable angina 
group. Four of 5 deaths in the AMI group occurred in 
the patients with abnormal lung thallium-201 uptake, 
compared to only 1 in the group without lung thallium- 
201 uptake (p <0.02). One patient with unstable angi- 
na, who died 1 week after the investigation, also had 
increased lung thallium-201 uptake. 


DISCUSSION 

Increased lung uptake of thallium-201 during exer- 
cise is usually observed in patients with severe myocar- 
dial ischemia or those with impaired left ventricular 
function. Boucher et al! first described this phenome- 
non. Bingham et al? showed that lung thallium-201 ex- 
traction is increased by elevation in left atrial pressure 
or by prolongation of pulmonary transit time and con- 
cluded that exercise-induced left ventricular failure was 
the likely cause. In patients with coronary artery dis- 
ease, lung thallium-201 uptake during exercise was 
closely correlated to the severity of underlying coronary 
artery disease,!::!4!5 extent of reversible ischemia!*!5 
and resting left ventricular ejection fraction.4~®!5 

The finding of increased lung thallium-201 uptake 
at rest has been previously reported in patients with var- 
ious forms of cardiac disease.”:!° Appearance and distri- 
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FIGURE 4. Comparison of the ejection fraction and peak creatine kinase (CK) levels between the group of patients with acute 
myocardial infarction and lung thallium-201 uptake, and the group with acute myocardial infarction and no lung thallium-201 


uptake. Abbreviations as in Figure 1. 
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bution of frank radiologic pulmonary edema in acute 
myocardial infarction has also been correlated with lung 
thallium-201 uptake at rest. However, Fazio et al!6 
have demonstrated that increased lung water may not 
always be detected with a standard chest radiograph. 
Previous studies have shown that thallium-201 inhaled 
in an aerosol enters the systemic circulation in a normal 
subject,'’ thus suggesting a free movement of the tracer 
across the alveolar-capillary bed. Furthermore, when 
thallium-201 was injected intravenously in an animal 
with toxic chemical pulmonary edema, thallium-201 
was found to accumulate in the edema fluid.'’ These 
data suggest that thallium-201 uptake by the lung may 
be indicative of pulmonary edema. 

In our study, lung thallium-201 uptake at rest in pa- 
tients with AMI was associated with larger infarct size, 
greater degree of left ventricular dysfunction, higher in- 
cidence of left ventricular failure and higher mortality. 
In patients without AMI, abnormal lung thallium-201 
uptake was noted in those with left ventricular dysfunc- 
tion due to previous AMI, unstable angina or acceler- 
ated hypertension. Only 1 of 24 (4%) patients with ab- 
normal lung thallium-201 uptake had insignificant coro- 
nary artery disease. In this study, thallium-201 imaging 
was carried out at rest during the acute phase of myo- 
cardial infarction. Abnormal lung thallium-201 uptake 
was present in 32% of the patients with AMI, even 
though imaging was performed 72 hours after the onset 
of chest pain. On stepwise discriminant analysis we ob- 
served the presence of heart failure to be the most im- 
portant determinant of abnormal lung thallium-201 up- 
take. When clinical parameters were removed, thallium- 
201 defect score was the most important correlate, 
thereby indicating a direct correlation with the extent of 
perfusion abnormality. 

We used semiquantitative visual assessment of the 
lung fields for abnormal lung thallium-201 uptake, 
rather than using a count-based quantitative method. 
Because the distribution of thallium-201 in lung fields is 
not uniform, we thought a visual scoring of the entire 
lung fields may be more accurate than the quantitative 
methods using only fixed regions of interest from the 
lung fields. 

Our results indicate that the examination of the lung 
fields for abnormal thallium-201 uptake may add con- 
siderably to the information derived from rest thallium- 
201 imaging in patients with AMI. In addition to pro- 
viding information regarding the location and extent of 
myocardial infarction, lung thallium-201 analysis may 


provide additional information relating to left ventricu- 
lar dysfunction and prognosis. With the wider applica- 
tion of AMI-limiting interventions, rest thallium-201 
imaging may provide important parameters for the non- 
invasive assessment of these interventions. 
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Ability of Dipyridamole-Thallium-201 Imaging 
One to Four Days After Acute Myocardial 
Infarction to Predict In-Hospital and Late 

Recurrent Myocardial Ischemic Events 


Kenneth A. Brown, MD, John O'Meara, MD, Charles E. Chambers, MD, 
and Dennis A. Plante, MD 


The ability of dipyridamole—thallium-201 imaging 
to predict in-hospital and late cardiac events when 
performed very early (62 + 21 hours, range 23 to 
102) after acute myocardial infarction (AMI) was 
tested in 50 patients. During hospitalization, 1 pa- 
tient developed recurrent AMI and 8 patients devel- 
oped recurrent angina after MI associated with ST- 
segment depression at 60 + 42 hours after the 
dipyridamole—thallium-201 imaging; of these, 6 re- 
quired urgent coronary revascularization. No 
patient died in-hospital. There were no serious ad- 
verse effects during the dipyridamole protocol. Us- 
ing stepwise multivariate logistic regression analy- 
sis, the best and only statistically significant predic- 
tor of in-hospital ischemic cardiac events was the 
presence of thallium-201 redistribution within the 
infarct zone (p = 0.0001). Of 20 patients with in- 
farct zone thallium-201 redistribution, 9 (45%) de- 
veloped in-hospital ischemic cardiac events com- 
pared to 0 of 30 patients without infarct zone thal- 
lium-201 redistribution (p <0.0001). During a 
follow-up 12 + 7 months after discharge, 3 addi- 
tional patients with infarct zone thallium-201 redis- 
tribution developed recurrent AMI or unstable angi- 
na, whereas no patient without infarct zone thalli- 
um-201 redistribution developed ischemic cardiac 
events. These data suggest that dipyridamole- 
thallium-201 imaging performed very early after 
AMI may identify a subgroup of patients at high 
risk for in-hospital and late ischemic cardiac 
events. Such patients may benefit from early cardi- 
ac catheterization and revascularization. Patients 
without infarct zone thallium-201 redistribution ap- 
pear to be at very low risk for in-hospital and late 
ischemic cardiac events and may be candidates for 
early discharge. 

(Am J Cardiol 1990;65:160-167) 
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cardial perfusion imaging suggest that this tech- 

nique has the potential to play an important role 
in the early management of acute myocardial infarction 
(AMI). First, the ability of thallium-201 imaging in 
general to distinguish residual jeopardized viable myo- 
cardium from infarcted myocardium! may allow iden- 
tification of patients with spontaneous or pharmacologi- 
cally induced reperfusion and “incomplete” infarctions 
who may be at high risk for early, in-hospital car- 
diac events.** Second, thallium-201 imaging has been 
shown to have significant prognostic value in patients 
with a wide range of coronary artery disease.?-!3 This 
suggests the possibility that thallium-201 imaging could 
be used very early after AMI to distinguish between 
high-risk patients most likely to benefit from additional 
early diagnostic or therapeutic interventions and 
low-risk patients whose hospitalization might be safely 
shortened. Third, thallium-201 imaging with dipyrid- 
amole-induced coronary vasodilation only modestly 
increases determinants of myocardial oxygen de- 
mand,*!4:!> but provides superior quality images and in- 
creased sensitivity for detecting residual critical coro- 
nary lesions compared to resting studies”!+:!6-!8 and can 
reveal myocardial ischemia not detected on a submaxi- 
mal exercise thallium-201 study.!? Thus, the technique 
is especially well suited for patients with recent AMI. 
The present study was therefore designed to determine 
whether dipyridamole-thallium-201 myocardial imag- 
ing, performed very early (1 to 4 days) after AMI, 
could predict in-hospital and late ischemic cardiac 
events. 


S everal features of dipyridamole-thallium-201 myo- 


METHODS 

Patient population: All patients admitted or trans- 
ferred to the Medical Center Hospital of Vermont with- 
in 72 hours of AMI, and thus available for dipyrida- 
mole-thallium-201 imaging at approximately 24 to 96 
hours after myocardial infarction, were considered for 
the protocol. Patients whose clinical status already iden- 
tified them as high-risk were excluded: recurrent angina 
after myocardial infarction, cardiogenic shock or For- 
rester class IV hemodynamics,” and resting systolic 
blood pressure <90 mm Hg. Other exclusions included 
bronchospasm requiring theophylline, or unavailability 
of thallium-201, technician or camera precluding imag- 
ing during the approximate 24- to 96-hour interval after 
onset of AMI. 

From May 5, 1986, through July 26, 1988, 657 pa- 
tients were admitted within 72 hours of AMI. Of these, 


191 patients were excluded because of the outlined clin- 
ical criteria. An additional 10 patients were excluded 
because of theophylline use. Of the remaining 466 who 
were eligible, 50 entered the study. The remainder were 
not successfully recruited because of unavailability of a 
scintillation camera, technician or thallium-201 within 
the 24- to 96-hour interval after myocardial infarction, 
or patient refusal. Clinical characteristics of the study 
cohort and eligible nonenrolled group are listed in Table 
I. Antecedent chest pain was present in 17 (34%) pa- 
tients in the study cohort; 3 (6%) had evidence of con- 
gestive heart failure at the time of study. There was no 
significant difference in any characteristic between the 
study cohort and the rest of the eligible group (Table I). 
Dipyridamole-thallium-201 imaging was performed 62 
+ 21 hours (range 23 to 102 hours) after AMI. 

Dipyridamole—thallium-201 protocol and thallium- 
201 image acquisition: All studies were performed in 
the cardiac intensive care unit using a standard porta- 
ble, small field-of-view Anger camera (Technicare 420). 
Patients were monitored continuously with an intraarte- 
rial line when available (4 patients), or with sphygmo- 
manometry (46 patients) performed by the physician 
supervising the study. Cardiac rhythm and heart rate 
were continuously monitored by oscilloscope. Baseline 
heart rate and blood pressure were obtained in duplicate 
10 minutes apart before infusion. A 12-lead electrocar- 
diogram, heart rate and blood pressure were then re- 
corded every minute for the first 20 minutes of the 
study and every 10 minutes for the next 40 minutes. A 
standard dipyridamole infusion protocol!> was used. Pa- 
tients were kept supine throughout the protocol to mini- 
mize hypotension. Imaging was begun 5 minutes after 
thallium-201 injection. Standard 8-minute 40° left an- 
terior oblique, anterior and 90° left lateral collections 
were acquired initially and repeated in the same se- 
quence 2 to 4 hours later. 

Theophylline was administered intravenously in pa- 
tients who developed significant electrocardiographic 
changes (=1 mm of horizontal or downsloping ST-seg- 
ment depression) or ischemic symptoms that did not 
spontaneously resolve. No patient required theophylline 
before the onset of thallium-201 imaging. The initial 
theophylline dose was 50 to 100 mg and was repeated 
every 2 to 3 minutes until resolution of symptoms or ST 
depression. 

Thallium-201 image analysis: [mages were ana- 
lyzed quantitatively using a method previously de- 
scribed and validated at this institution.*! Briefly, the 
heart was divided into septal, inferior-apical and poste- 
rior segments in the left anterior oblique projection and 
anterior, apical and inferior segments in the anterior 
and lateral projections. All perfusion defects were de- 
fined either as fixed or as showing significant redistribu- 
tion.2! When correlated with available coronary angio- 
graphic data the anterior and septal segments were as- 
sumed to be supplied by the left anterior descending 
artery, the inferior segments by the right coronary ar- 
tery and the posterior wall by the left circumflex artery. 

All thallium-201 perfusion defects were classified as 
being within the infarct zone or outside the infarct zone, 
based on the relation between the thallium-201 myocar- 





TABLE I Comparison of Clinical Variables in Study Cohort 
Versus Eligible Nonenrolled Population 


Eligible 
Nonenrolled 
Population 
(n = 416) 


Variable p Value 


Age (yrs) 

Sex (M/F) 

Prior MI (%) 

Acute anterior MI (%) 
Acute non-Q-wave MI (%) 
Thrombolytic therapy (%) 


57+11 
42/8 
6 (12) 
19 (38) 
3 (6) 
25 (50) 


MI = myocardial infarction; NS = not significant. 


58414 
324/92 
87 (21) 
165 (40) 
58 (14) 
162 (39) 


TABLE Il Comparison of Clinical Variables in Catheterization 
Cohort Versus Noncatheterization Cohort 


Noncardiac 
Catheterization 

Cohort p 

(n = 16) Value 


Cardiac 
Catheterization 
Cohort 


Variable (n = 34) 


Age (yrs) 
Sex (M/F) 
Prior MI (%) 
Acute anterior 
MI (%) 
Acute non-Q-wave 
MI (%) 
Thrombolytic therapy 
(%) 


Abbreviations as in Table I. 


dial segment involved and the site of the Q-wave infarc- 
tion. Among the 3 patients with non-Q-wave infarction, 
1 patient had 1-vessel disease with occlusion of the left 
anterior descending artery at coronary angiography and 
an anteroapical perfusion defect that was assumed to be 
within the infarct zone. The 2 other patients with non- 
Q-wave infarction had perfusion defects involving 2 dif- 
ferent coronary vascular territories, each with signifi- 
cant redistribution (and no fixed defects). These pa- 
tients were assumed to have perfusion defects both 
within and outside of the infarct zone. 

Cardiac catheterization: Cardiac catheterization 
was performed in 34 patients using standard techniques 
at 4.4 + 2.5 days after infarction. All decisions for 
performing catheterization were made by the treating 
physician. There was no significant difference in age, 
sex, prior myocardial infarction, frequency of anterior 
infarction or non-Q-wave infarction among catheterized 
compared to noncatheterized study patients (Table II). 
However, those undergoing catheterization had more 
frequently received thrombolytic therapy (62%) than 
patients who did not undergo catheterization (25%) 
(Table II). Significant coronary stenosis was defined as 
a luminal diameter narrowing of 250% in either the 
main epicardial artery or a major branch. Collateral 
vessels were graded as absent, poor (faint contralateral 
filling of a minor branch) or good (dense contralateral 
filling of a major artery or branch). The infarct vessel 
was defined as the left anterior descending artery for 
anterior infarctions, the right coronary artery for inferi- 
or myocardial infarctions and the left circumflex artery 
for posterior infarction. Two patients with non-Q-wave 


55 + 10 
31/3 

5 (15) 
15 (44) 


2 (6) 


21 (62) 
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TABLE Ill Characteristics of Patients Developing In-Hospital Ischemic Cardiac Event 


Catheterization Data 


Infarct 
Zone 
Wall 
Motion 


Good 
Collateral 
Vessels 


Infarct 
Vessel % 
Stenosis 


Thrombo- 
lytic 
Drugs 


Patient 


Akinetic 
Mild HK 
Akinetic 
Mild HK 
Mod HK 
Severe HK 
Severe HK 
Severe HK 
Mild HK 


OANA OR WNDY 
fe A OS ee ee ae 


Dipyridamole—Tl-201 
Imaging 


Infarct 
Zone 
Redistri- 
bution 


Event Course 


Angina, ST} 34 
Angina, ST} 8 
Angina, ST} 51 
Angina, ST} Medical Rx 
Angina, ST} Bypass 
MI Bypass 
Angina, ST} Medical Rx 
Angina, ST} Bypass 
Angina, ST} Medical Rx 


Bypass 
Bypass 
Bypass 


++O0+4++4+0+4++0 
000404404 
oO+r04+000 +4 
t+t++4+4+4+4++ 


A = anterior; | = inferior; HK = hypokinesis; MI= myocardial infarction; mod = moderate; MVD = multivessel coronary disease; NQ = non-Q-wave; Rx = treatment; ST) = ST-seg- 


ment depression; TI = thallium. 


infarctions underwent cardiac catheterization. One had 
l-vessel left anterior descending artery occlusion that 
was presumed to be the infarct vessel. The other had 
multivessel disease but only the right coronary artery 
was completely occluded and, for the purpose of analy- 
sis, was assumed to be the infarct vessel. Biplane left 
ventriculograms were performed and were divided into 
anterior, apical and inferior walls on the right anterior 
oblique projection and septal, inferoapical and posterior 
walls on the left anterior oblique projection. Wall mo- 
tion within the infarct zone, as defined by the location 





of electrocardiographic Q waves, was categorized as 
good (normal, mild-to-moderate hypokinesis) or poor 
(severe hypokinesis, akinesis, dyskinesis). For the 2 pa- 
tients with non-Q-wave infarction, the infarct zone was 
designated as the area supplied by the infarct vessel as 
already defined. 

Follow-up data: Each patient’s clinical course 
was followed daily after the dipyridamole-thallium-201 
study until discharge from the hospital. The mean hos- 
pital stay was 10 + 3 days. Ischemic cardiac events 
were defined as development of recurrent angina pecto- 


ACUTE MI 


peer he, MR eee 


INFARCT ZONE TL-201 
REDISTRIBUTION 


EARLY POST-MI 
TL-201 IMAGING 


NO INFARCT ZONE 
TL-201 REDISTRIBUTION 


IR- 


POST - NO EVENT 
DISCHARGE GC) 


NO EVENT 


Ti 


a 


UA & PTCA 
NO EVENT 





FIGURE 1. Outcome in-hospital and after discharge of patients based on the presence or absence of infarct zone thallium-201 
redistribution seen on early postmyocardial infarction imaging. CABG = coronary artery bypass graft surgery; MI = myocardial 
infarction; PTCA = percutaneous transluminal coronary angioplasty; ST | = ST-segment depression; TL = thallium; UA = 


unstable angina. 
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Patients Without 
Ischemic Cardiac 
Events (n = 41) 


Clinical variables 
Age 56+12 
Sex (M:F) 36:5 (88:12) 
Nitrate 31 (76) 
B blocker 16 (39) 
Calcium antagonist 25 (61) 
Thrombolytic treatment 22 (54) 
MI site (A:I:P:NQ) 
Peak serum CK level 
Dipyridamole protocol variables 
Chest pain 
ST depression 
HR rest 
Peak 
BP systolic rest 
Nadir 
HR X BP systolic rest 
Peak 
Catheterization variables (n = 30) 
Infarct vessel % stenosis 
Good collateral vessels 
Good infarct zone wall motion 
Multivessel coronary disease 
Ejection fraction 
TI-201 imaging variables 
Infarct zone TI-201 redistribution 
Noninfarct zone Tl-201 
redistribution 


1,348 + 1,371 


16 (39) 

10 (24) 

76+11 

89+ 12 

LiISt 12 

105 + 13 
8,741 + 1611 
10,107 + 1941 


85 +18 
6/25 (24) 
9/25 (35) 
11/25 (44) 
5547 


11 (27) 
2 (6) 





13 (32):25 (61):1 (2):2 (5) 


Patients With 
Ischemic Cardiac 
Events (n = 9) 


60+ 9 
6:3 (67:33) 
6 (67) 
3 (33) 
4 (44) 
3 (33) 
6 (67):2 (22):0:1 (11) 
959 + 709 


4 (44) 
3 (33) 
81412 
95 £12 
118+ 21 
104+ 14 
9,633 + 2,345 
10,863 + 2,570 


94+6 
3/9 (33) 
3/9 (33) 
6/9 (67) 
49 + 10 


9 (100) 
4 (44) 


Values in parentheses are percents. 
Abbreviations as in Table Ill. 


ris, myocardial infarction or cardiovascular death. Cor- 
onary revascularization with coronary angioplasty or 
bypass surgery was also noted, but these were not con- 
sidered ischemic events if they did not occur in response 
to development of recurrent angina or infarction. Man- 
agement decisions were not made on the basis of thalli- 
um-201 imaging results because these were not made 
available to the patients’ treating physicians. 

Follow-up after discharge was obtained by telephone 
interviews of each patient and by examination of their 
physicians’ office notes and hospital records, and was 
100% complete. 

Statistical analysis: Values are presented as mean + 
standard deviation. Maximal changes in mean heart 
rate, blood pressure and rate-pressure product after di- 
pyridamole were analyzed using a paired f¢ test. Fre- 
quency comparisons were performed using chi-square 
analysis or Fisher exact test, when appropriate. To ex- 
amine the univariate relation of each variable to in-hos- 
pital ischemic cardiac events, a Pearson chi-square was 
used for categorical variables and a ź test for continuous 
variables. A significance level of p <0.05 was used. To 
determine the relative prognostic value of each vari- 
able, stepwise multivariate logistic regression was used 
(BMDPLR, revised 1987). 


RESULTS 

Hemodynamic effects of dipyridamole: Heart rate 
increased modestly after dipyridamole, increasing from 
a mean of 77 + 11 to 89 + 13 beats/min (p <0.01) and 


reaching a peak at 7 + 3 minutes after initiation of 
infusion. Systolic and diastolic blood pressure decreased, 
from 116 + 12 to 105 + 13 mm Hg (p <0.001), and 
from 68 + 10 to 62 + 9 mm Hg (p <0.001), respective- 
ly, also reaching a nadir at 7 + 3 minutes after initia- 
tion of infusion. Maximal heart rate X systolic pressure 
product increased from 8,901 + 2,085 to a peak of 
10,243 + 2,047 beats/min X mm Hg (p <0.001) at 8 + 
4 minutes after initiation of infusion. This returned to 
baseline at 15 + 7 minutes. 

Adverse effects: No recurrent infarctions, serious 
arrhythmias, cardiac arrests or deaths were observed 
during any dipyridamole-thallium-201 protocol. Chest 
pain, significant ST-segment depression or both devel- 
oped in 23 of 50 (46%) patients during the procedure; 
19 required theophylline (88 + 46 mg, range 50 to 
200). All ischemic symptoms or ST-segment depres- 
sions were reversed within 3 to 4 minutes and no ad- 
verse effects occurred from theophylline infusion. In re- 
sponse to theophylline, there was a significant decrease 
in heart rate (89 + 9 to 78 + 9 beats/min, p <0.0001) 
and rate-pressure product (11,230 + 1,622 to 9,397 + 
1,447 beats/min X mm Hg, p <0.0001) as ischemia 
was relieved. 

Minor side effects of dipyridamole included mild 
headache (13 of 50) and mild nausea (2 of 50). One 
patient with headache and nausea was given 50 mg the- 
ophylline with rapid resolution of symptoms. 

Thallium-201 imaging results: Thallium-201 perfu- 
sion defects within the infarct zone were seen in all 50 
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TABLE V Multivariate Predictors of Ischemic In-Hospital Cardiac Events 


Step 0, Before 


Predictors Entered 


Into Logistic 


Regression Model 


Variable Chi-Square 


Infarct zone TI-201 redistribution 
Noninfarct zone redistribution 
Patient gender 
Myocardial infarction location 
Thrombolytic therapy 
Peak creatine kinase level 
Calcium antagonist use 
Age (yrs) 
Nitrate use 
Dipyridamole-induced ST 
B-blocker use 
Dipyridamole-induced chest pain 
Ejection fraction! 
Infarct vessel percent stenosis? 
Multivessel coronary disease! 
Good collaterals to infarct vesselt 
Infarct zone wall motion! 

* 3 degrees of freedom; all other variables have 1 degree of freedom. 


t Only patients undergoing cardiac catheterization (n = 34). 
TI = thallium. 


patients. Significant thallium-201 redistribution within 
the infarct zone was present in 20 of 50 (40%) patients. 
Perfusion defects outside the infarct zone were observed 
in 9 patients, of whom 6 showed significant redistribu- 
tion. The frequency of infarct zone thallium-201 redis- 
tribution in patients receiving thrombolytic therapy (10 
of 25, 40%) was identical to the frequency in patients 
who did not receive thrombolytic treatment (10 of 25, 
40%). 

Predictors of in-hospital ischemic cardiac events: 
In-hospital ischemic cardiac events occurred in 9 (18%) 
patients, at a mean of 60 + 42 hours after imaging and 
113 + 37 hours after infarction (Table III, Figure 1). 
Recurrent AMI occurred in | patient in the same zone 
as the original infarction and corresponded to an area 
that had shown infarct zone thallium-201 redistribution. 
The other 8 in-hospital ischemic cardiac events were re- 
current angina after infarction associated with ST-seg- 
ment depression. Six of 9 patients underwent emergency 
coronary bypass surgery in response to the recurrent 
ischemic event. The other 3 patients were managed 
medically. No patient died during hospitalization. 
Two other patients underwent coronary revasculariza- 
tion with angioplasty at 83 and 46 hours after thallium- 
201 imaging, respectively, although they did not develop 
antecedent recurrent ischemia or infarction (Figure 1). 
These were not considered in-hospital ischemic cardiac 
events, but were considered separately. 

By univariate analysis, only thallium-201 redistribu- 
tion within the infarct zone, thallium-201 redistribution 
outside the infarct zone and percent stenosis of the in- 
farct vessel were significantly related to in-hospital car- 
diac events (Table IV). Using stepwise multivariate lo- 
gistic regression analysis, the most important and 
only significant predictor of in-hospital ischemic cardiac 
events was thallium-201 redistribution within the in- 
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Step 1, After 

Infarct Zone TI-201 

Redistribution 

Entered Into Model 

p Value 


p Value Chi-Square 


(19.61) 





farct zone (p = 0.00001, Table V). After this variable 
was entered in the logistic regression model, no other 
variable had any additional significant prognostic value 
for in-hospital cardiac events. 

Nine of the 20 (45%) patients with significant thalli- 
um-201 redistribution within the infarct had in-hospital 
cardiac events compared to 0 of 30 patients without in- 
farct zone thallium-201 redistribution (p <0.0001). The 
sensitivity, specificity, positive and negative predictive 
values of infarct zone thallium-201 redistribution for in- 
hospital cardiac events were 100, 73, 45 and 100%, re- 
spectively. 

Among the 34 patients who had cardiac catheteriza- 
tion data, infarct zone thallium-201 redistribution re- 
mained the most important multivariate predictor of in- 
hospital ischemic cardiac events (p = 0.00001, Table 
V). After this variable was entered into the logistic re- 
gression model, no other patient variable had any addi- 
tional prognostic value. 

Finally, when multivariate logistic regression analy- 
sis was repeated after excluding the 2 patients who 
underwent coronary revascularization before discharge 
without recurrent in-hospital ischemic cardiac events (1 
had infarct zone thallium-201 redistribution), the re- 
sults were unchanged for the overall cohort as well as 
the subgroup undergoing cardiac catheterization. 

in-hospital expenses: Although patients with infarct 
zone thallium-201 redistribution had somewhat longer 
hospital stays (12 + 6 vs 10 + 3 days), more total hos- 
pital charges ($13,997 + 8,716 vs $9,263 + 5,265) and 
higher average daily hospital charges ($1,087 + 385 vs 
$968 + 285) compared to patients without infarct zone 
redistribution, the differences were not statistically sig- 
nificant. 

Postdischarge follow-up: Patients were followed for 
a mean of 12 + 7 months (range 2 to 24 months) after 


discharge. Recurrent late ischemic cardiac events in- 
cluded 2 patients with nonfatal AMI (both non-Q- 
wave) and | patient with recurrent unstable angina re- 
quiring emergency coronary angioplasty. Two of these 
events occurred within 1 month of discharge. In addi- 
tion, 2 patients underwent elective coronary bypass sur- 
gery without antecedent ischemic cardiac events within 
2 months of discharge. Each of these 5 patients had 
infarct zone thallium-201 redistribution on the dipyrida- 
mole-thallium-201 study early after infarction. Of the 
original group of 20 patients with infarct zone thallium- 
201 redistribution, 12 (60%) developed either early or 
late ischemic cardiac events compared to 0 of 30 pa- 
tients without infarct zone thallium-201 redistribution 
(p <0.0001) (Figure 1). 

Coronary angiography correlates: A patent infarct 
vessel was not predicted by the presence of thallium-201 
redistribution within the infarct zone. A patent infarct 
vessel was present in 11 of 16 (69%) patients with in- 
farct zone thallium-201 redistribution undergoing coro- 
nary angiography compared to 10 of 18 (55%) patients 
without infarct zone thallium-201 redistribution (p = 
0.40). Good angiographic collaterals were present in 4 
of the 5 patients with infarct zone thallium-201 redistri- 
bution and occluded infarct vessels. The other had faint 
angiographic collaterals. 


DISCUSSION 

Our study demonstrates that dipyridamole-thalli- 
um-201 imaging performed 1 to 4 days after myocardi- 
al infarction may be useful in predicting the develop- 
ment of subsequent ischemic cardiac events in-hospital 
and after discharge in a population of clinically stable 
patients. Among patients with thallium-201 redistribu- 
tion within the infarct zone, 45% subsequently devel- 
oped recurrent ischemic cardiac events during hospital- 
ization, most of whom required urgent revascular- 
ization. An additional 15% experienced late ischemic 
cardiac events. Such patients may benefit from an ag- 
gressive clinical approach, including early cardiac cath- 
eterization and revascularization, although at least some 
patients appeared to do well after discharge with medi- 
cal treatment. Although only 1 of the 9 in-hospital car- 
diac events was a “hard” endpoint (recurrent myocardi- 
al infarction), risk stratification earlier than the usual 
study 7 to 10 days after infarction may still have advan- 
tages. Earlier identification of high-risk patients may al- 
low scheduling elective cardiac catheterization, revascu- 
larization or both, which may reduce the morbidity and 
mortality risks of each procedure. In addition, perform- 
ing earlier elective diagnostic and therapeutic interven- 
tions may result in cost savings by shortening the aver- 
age hospitalization time. 

Early risk stratification may have particular eco- 
nomic impact among the 60% of patients without in- 
farct zone redistribution who appear to be at very low 
risk for cardiac events both in-hospital and after dis- 
charge. In our study cohort, the average daily hospital 
charge was approximately $1,000. At our hospital, dipy- 
ridamole-thallium-201 imaging costs $534. Whereas 
average hospital charges toward the end of the hospital- 


ization would be somewhat less than the overall average 
(which included the more expensive coronary care unit 
charges), if patients could be safely discharged 3 or 4 
days earlier than the current practice, considerable cost 
savings could be appreciated. 

Ischemic in-hospital cardiac events: Among all pa- 
tient variables, infarct zone thallium-201 redistribution 
was the best and only significant predictor of in-hospital 
ischemic cardiac events. This remained true among the 
subset of patients who had cardiac catheterization data 
available. These findings are consistent with a large 
body of prior investigations demonstrating the prognos- 
tic value of thallium-201 redistribution in patients pre- 
senting with chest pain,’ or undergoing risk stratifica- 
tion at 10 to 14 days after myocardial infarction!®!! or 
before vascular surgery.!>!3 The prognostic value is pre- 
sumably related to the ability of thallium-201 redistri- 
bution imaging to identify the presence of jeopardized 
viable myocardium.'~3 

Angiographic variables were not significant predic- 
tors of in-hospital ischemic cardiac events. Although the 
infarct vessel percent stenosis was greater in patients 
who developed ischemic cardiac events than in those 
who did not (Table I), there was considerable overlap. 
Thus, it appears that the presence of jeopardized viable 
myocardium in the infarct zone (based on thallium-201 
imaging), regardless of underlying coronary anatomy, 
may be the most important predictor of in-hospital isch- 
emic cardiac events after an AMI. 

Thrombolysis: In our study group, treatment with a 
thrombolytic agent was not significantly related to ei- 
ther infarct zone thallium-201 redistribution or in-hos- 
pital ischemic cardiac events. This is somewhat surpris- 
ing because successful thrombolytic treatment might be 
expected to be associated with a higher incidence of re- 
sidual jeopardized viable myocardium in the infarct 
zone and hence more subsequent cardiac events. It is 
likely that our selection criteria excluded some patients 
who received thrombolytic treatment and did have “sal- 
vaged” myocardium at risk but had recurrent ischemic 
events before recruitment into our study. 

Safety of dipyridamole early after infarction: No 
patient developed AMI, serious arrhythmia, cardiac ar- 
rest or death during the dipyridamole-thallium-201 
protocol. Symptomatic or electrocardiographic evidence 
of ischemia occurred in 46% of patients, a rate some- 
what higher than the 36% reported in other series.'° As 
in previous reports, hemodynamic changes during dipy- 
ridamole infusion were very modest with a mean peak 
rate-pressure product of under 11,000 beats/min X mm 
Hg. In the absence of major changes in determinants of 
myocardial oxygen demand, ischemia developing in re- 
sponse to dipyridamole may be the result of a “coronary 
steal” phenomenon, as suggested by others.!®!722 Im- 
portantly, each episode of dipyridamole-induced isch- 
emia either resolved spontaneously or was rapidly re- 
versed with theophylline, a direct antagonist of dipyr- 
idamole’s effects, and no patient had a complication 
related to ischemia. Furthermore, theophylline, while 
nominally possessing sympathomimetic activity, caused 
a decrease in heart rate and rate-pressure product when 
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used in this setting and dosage. One patient developed 
an acute ischemic episode 8 hours after the dipyrida- 
mole-thallium-201 study. However, the coronary ef- 
fects of dipyridamole persist for only 20 minutes?? and 
the systemic hemodynamic effects subsided by 15 min- 
utes in our study. In addition, this patient had neither 
dipyridamole-induced chest pain nor ST depression. 
Therefore, it is highly unlikely that his ischemic episode 
8 hours later can be attributed to an adverse effect of 
dipyridamole. 

Nevertheless, our study cohort was relatively small 
and we advise caution regarding the safety of dipyrida- 
mole-thallium-201 imaging early after infarction until 
our results are confirmed by other larger studies. Fur- 
thermore, because approximately half the patients de- 
veloped evidence of ischemia during dipyridamole infu- 
sion, we strongly advise that dipyridamole-thallium-201 
imaging in this setting be performed by experienced 
physicians familiar with the treatment of dipyridamole- 
induced ischemia. Finally, our hemodynamic and safety 
data may not apply to the use of high-dose oral dipyrid- 
amole, which many nuclear imaging laboratories now 
use because the intravenous preparation is not yet com- 
mercially available.*+?> Oral administration of high- 
dose dipyridamole has distinct disadvantages in the pa- 
tient after AMI, including wide variability of absorption 
and time to peak effect,?4?5 and we would not currently 
advocate its use in this setting. 

Timing of thallium-201 imaging after infarction: 
Experimental studies have shown that myocardial thal- 
lium-201 uptake immediately after infarction (<1 hour) 
is related only to blood flow and cannot distinguish via- 
ble from irreversibly injured myocardial cells,2°-2° al- 
though some indirect data from clinical studies appear 
to contradict this.*? In either case, by 24 to 48 hours 
thallium-201 is taken up only by viable myocardi- 
um.?/:28 Thus, thallium-201 myocardial imaging can be 
applied very early in care after myocardial infarction. 
Furthermore, there is accumulating evidence that coro- 
nary angioplasty performed acutely in the setting of 
thrombolytic therapy for myocardial infarction has 
a relatively high risk of early recurrent occlusion.’3° 
Therefore, investigators have recently advocated waiting 
at least several days after myocardial infarction before 
performing angioplasty.’2° Our results suggest that di- 
pyridamole-thallium-201 imaging may be able to pro- 
vide important prognostic information before that time 
and allow a more directed approach of revascularization 
interventions after infarction, taking into consideration 
those most likely to benefit from such procedures. 

Study limitations: The study cohort represents a rel- 
atively small sample of all eligible patients. This reflect- 
ed a combination of factors, including a limitation in 
our ability to accommodate research thallium-201 stud- 
ies on very short notice in a very busy clinical nuclear 
cardiology laboratory, as well as a reluctance of some 
patients to enter a research protocol. Clearly, better ac- 
cess to nuclear cardiology facilities will be required for 
widespread application. On the other hand, we found 
that the large majority of patients admitted with an 
AMI were eligible for our study and could potentially 
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benefit from early risk stratification. Moreover, our 
study cohort was quite typical of the larger group of 
patients who were eligible (Table I). Although there 
were relatively few non-Q-wave myocardial infarctions 
in the study cohort, the frequency of non-Q-wave in- 
farctions was not significantly different from that of the 
nonenrolled eligible group (Table I). Nevertheless, con- 
clusions regarding the prognostic value of early postin- 
farction dipyridamole-thallium-201 in non-Q-wave in- 
farctions must be considered very limited. Finally, our 
distinction between infarct zone and noninfarct zone re- 
distribution is limited by the specificity of electrocardio- 
graphic localization using Q waves. However, no patient 
in our study had only noninfarct zone thallium-201 re- 
distribution. 

Conclusions: Our results suggest that infarct zone 
thallium-201 redistribution in dipyridamole-thallium- 
201 studies very early after myocardial infarction iden- 
tifies a subgroup of patients at high risk for early and 
late ischemic cardiac events who may benefit from early 
elective invasive diagnostic or therapeutic procedures. In 
contrast, patients without infarct zone thallium-201 re- 
distribution appear to be at very low risk for in-hospital 
and late ischemic cardiac events. 
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Elevation of C-Reactive Protein 
in “‘Active’’ Coronary Artery Disease 


Bradford C. Berk, MD, PhD, William S. Weintraub, MD, and R. Wayne Alexander, MD, PhD 


Unstable angina occurs most commonly in the 
setting of atherosclerotic coronary artery disease 
(CAD), but there is little information concerning the 


mechanisms responsible for the transition from 


clinically stable to unstable coronary athero- 
sclerotic plaque. Recently, increased focal infiltra- 
tion of inflammatory cells into the adventitia of cor- 
onary arteries of patients dying suddenly from CAD 
and activation of circulating neutrophils in patients 
with unstable angina have been observed. To char- 
acterize the presence of inflammation in “‘active’’ 
atherosclerotic lesions, the acute phase reactant C- 
reactive protein (CRP) was measured in 37 patients 
admitted to the coronary care unit with unstable 
angina, 30 patients admitted to the coronary care 
unit with nonischemic illnesses and 32 patients 
with stable CAD. CRP levels were significantly ele- 
vated (normal <0.6 mg/dl) in 90% of the unstable 
angina group compared to 20% of the coronary 
care unit group and 13% of the stable angina 
group. The average CRP values were significantly 
different (p = 0.001) for the unstable angina group 
(2.2 + 2.9 mg/dl) compared to the coronary care 
(0.9 + 0.7 mg/dl) and stable angina (0.7 + 0.2 mg/ 
di) groups. There was a trend for unstable angina 
patients with ischemic ST-T-wave abnormalities to 
have higher CRP values (2.6 + 3.4) than those 
without electrocardiographic changes (1.3 + 0.9, 
p = 0.1). The data demonstrate increased levels 
of an acute phase reactant in unstable angina. 
These findings suggest that an inflammatory com- 
ponent in “‘active’’ angina may contribute to the 
susceptibility of these patients to vasospasm and 
thrombosis. 

(Am J Cardiol 1990;65:168-172) 
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presentation of coronary atherosclerosis that 

frequently progresses to myocardial infarction. 
However, it may also revert to a stable anginal pattern 
even without mechanical relief of the stenosis. While 
vasospasm! and thrombosis? have been clearly impli- 
cated in the pathophysiology of myocardial infarction, 
the underlying causes for unstable angina are not pre- 
cisely known. The episodic nature of unstable angina 
and the frequent lack of correlation between the extent 
of stenoses and clinical instability raise the possibility 
that cyclic changes in the activity of the atherosclerotic 
process itself may be involved. Although the cell biology 
of atherosclerosis has not been defined completely, the 
macrophage is now viewed as playing a central role,’ 
suggesting that there are some features common to 
atherosclerosis and inflammatory responses. Although 
speculative, it is possible that inflammation of coronary 
arteries may play a role in unstable angina. This propos- 
al is based on the pathologic finding of coronary artery 
adventitial lymphocytes*ć and mast cells’ at sites of 
acute thrombosis in patients who have had sudden car- 
diac death. A causative link between inflammation and 
thrombosis may be the macrophage-derived inflamma- 
tory mediator, interleukin 1, which can induce proco- 
agulant activity in endothelium,® thereby converting the 
endothelium from a nonthrombogenic to a thrombo- 
genic surface. Interleukin 1 may also have an effect on 
vascular reactivity since it is both a vascular smooth 
muscle vasodilator? and mitogen.!° These observations 
link inflammatory responses present in patients with 
sudden cardiac death to the active atherosclerotic pro- 
cess and thromboses, which appear to be the proximate 
cause of death. To investigate whether inflammation is 
present in patients with coronary artery disease (CAD), 
we measured blood levels of an interleukin 1-induced 
acute phase reactant, C-reactive protein (CRP),!! in 3 
groups of patients with cardiac disease. 


Tr syndrome of unstable angina is a dramatic 


METHODS 

Patient population: Three groups of patients were 
studied. All patients were studied prospectively without 
knowledge of CRP levels. The protocol was approved by 
the Institutional Review Boards for Research Involving 
Human Subjects. The first group consisted of patients 
consecutively admitted to the coronary care unit during 
a 6-month period. These patients were divided into 2 
groups (described below) based on whether their admit- 
ting diagnosis was related to coronary ischemia or other 
cardiac illness (primarily heart failure and cardiac ar- 
rhythmia). Patients who had had a myocardial infarc- 
tion or had undergone major surgery within the previ- 
ous 10 days were excluded. Patients who evolved a myo- 


TABLE I Clinical Characteristics of the Three Study Groups 


Unstable 
Angina 


Pts (n) 
Age (yrs) 
Sex: M/F 
Rest angina 
Change in pain 
Past myocardial infarct 
Congestive heart failure 
Cigarette smoker 
Diabetes mellitus 
Blood pressure >150/90 mm Hg 
Total serum cholesterol (mg/dl) 
Current medications 

B blockers 

Calcium antagonists 

Diuretics 

Nitrates 

Aspirin 
C-reactive protein (mg/dl) 


Nonischemic 
Coronary 
Care 


0.002 (NS, 0.015) 
0.001 (0.001, 0.001) 
0.001 (0.001, 0.001) 


0.003 (0.003, NS) 
0.004 (0.030, NS) 
0.025 (NS, 0.110) 
0.003 (0.009, NS) 
0.033 (NS, 0.160) 
0.001 (0.020, 0.004) 


* Comparisons between patient study groups were initially performed by chi-square tests for discontinuous variables and by 1-way analysis of variance for continuous variables. 
Where significant differences (p <0.05) were present, subgroup analysis was performed using an unpaired t test with a Bonferroni correction. The subgroup analyses are shown to 
the right of the p value in parentheses. The values represent the p value for comparison of unstable angina patients with nonischemic coronary care and stable angina patients, re- 


spectively. 
NS = not significant. 


cardial infarction, diagnosed by the demonstration of 2 
serial creatine kinase-MB values above normal, were 
also excluded. Of 100 consecutive patients admitted, a 
total of 69 patients met the inclusion criteria. The third 
group consisted of 32 patients with stable CAD. They 
were consecutive patients electively referred during 1 
week to the hospital for cardiac catheterization, for cor- 
onary artery bypass surgery of stable disease or for par- 
ticipation in an ambulatory Holter monitoring study. 
Diagnosis of unstable angina: Unstable angina was 
diagnosed based on the criteria used by Lewis et al!? in 
the Veterans Administration Cooperative Study. All of 
the following were required: unstable angina beginning 
within the previous month and still present within 48 
hours of admission, evidence of CAD and absence of 
baseline evidence of acute myocardial infarction as de- 
termined by electrocardiography (new Q-wave or per- 
sistent ST-segment elevation) or elevation of creatine 
kinase-MB enzymes (2 serial values above normal). Un- 
stable angina was defined as new onset or sudden wors- 
ening of angina without increased activity occurring 21 
time/day, a single episode lasting 215 minutes or oc- 
currence at rest or during minimal activity. Evidence of 
CAD was defined by 1 or more of the following: electro- 
cardiogram or hospital record evidence for prior myo- 
cardial infarction, electrocardiographic changes consist- 
ing of transient ST-segment elevation or depression of 
0.1 mV lasting for 0.08 second, previous coronary arte- 
riograms showing at least 75% narrowing, previous ex- 
ercise tolerance test meeting the criteria for ST-segment 
depression already given or a history of typical exer- 
tional chest pain relieved by rest or nitroglycerin. 
Coronary angiography: Coronary angiography was 
performed using the Judkins technique. The percent ste- 
nosis of each coronary artery visualized in multiple 
views was assessed by a consensus reading of 3 observ- 
ers. For patients in the unstable angina group, a vessel 





was considered to be significantly narrowed if 270% 
transluminal narrowing was present. 

C-reactive protein determination: Following veni- 
puncture, blood samples were centrifuged within 12 
hours and stored at 4°C for 1 to 2 days or frozen before 
assay. CRP was assayed by immunochemical rate neph- 
elometry (Beckman CRP and Beckman Immunochem- 
istry System). Standardization of the CRP assay was 
performed before each set of assays and had a variation 
of 10 + 7% (n = 4). Normal values for CRP using 
these reagents are <0.6 mg/dl.'!? CRP values for all pa- 
tients admitted to the coronary care unit were deter- 
mined on blood samples obtained on admission to the 
unit (usually within 4 hours of presentation to the hospi- 
tal). Because there is no evidence for a diurnal variation 
in CRP levels of the magnitude observed in the unstable 
angina patients,!!!4-!© blood samples obtained in the 
morning, on elective presentation to the hospital, were 
used for the other groups. 

Statistical analyses: Data are presented as the mean 
+ standard deviation or counts. Continuous variables 
were compared by a l-way analysis of variance, and 
where indicated by a subgroup analysis using an un- 
paired ¢ test with a Bonferroni correction. Chi-square 
tests were used to compare discontinuous variables. 


RESULTS 

Patient characteristics: The patient profiles of the 3 
study groups are listed in Table I. The groups of stable 
CAD patients and unstable angina patients were very 
similar in their demographic characteristics. Because 
the other coronary care unit patients were admitted pri- 
marily for cardiac arrhythmias and congestive heart 
failure, they were younger, more likely to be female, 
had fewer myocardial infarctions, and were receiving 
fewer antianginal medications than the other groups. 
There were 7 patients classified initially with unstable 
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angina based only on clinical symptoms consisting of a 
change in their typical exertional chest pain relieved by 
rest. All of these patients underwent exercise tolerance 
testing and coronary angiography before discharge. Sig- 
nificant coronary artery stenoses (>70%) were found in 
2 patients, while 5 had no narrowings >20%. These 5 
patients also had normal exercise tests and therefore 
were reclassified to the coronary care unit group with- 
out unstable angina. Only 1 of these patients had an 
elevated CRP value. 

C-reactive protein measurements: As shown in Fig- 
ure 1, 35 patients (90%) with a final diagnosis of unsta- 
ble angina had CRP values (range 0.65 to 15.0 mg/dl) 
above the upper limit of normal (<0.6 mg/dl). In con- 
trast, only 6 patients (20%) in the coronary care unit 
group and 4 patients (13%) in the stable CAD group 
had elevated CRP levels (range 0.66 to 3.0 mg/dl). The 
mean CRP values for the 3 groups, after assigning a 
value of 0.6 mg/dl to patients with CRP values unde- 
tectable by rate nephelometry (this is a maximal value), 
were 2.2 + 2.9, 0.9 + 0.7 and 0.7 + 0.2, respectively. 
The difference between the unstable angina group and 
the other 2 groups is significant (p = 0.001). This dif- 
ference is even larger when those patients in the other 2 
groups with elevated CRP values likely due to coexist- 
ing inflammatory diseases are excluded. The most com- 
mon diagnosis made in association with elevated CRP 
in the absence of unstable angina (6 patients) was 
arthritis (osteoarthritis, rheumatoid, costochondritis or 
gout). No patients with elevated CRP levels had clinical 
findings suggestive of an acute infectious process. CRP 
values among patients with stable CAD did not differ 
from values found in patients in the coronary care unit 
who did not have unstable angina. This indicates that 
elevation of CRP in patients with unstable angina was 
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FIGURE 1. C-reactive protein (CRP) levels in 101 patients 
characterized by diagnostic groups. CRP values below normal 
(<0.6 mg/dl) were not further quantitated and are shown as 
0.6 mg/dl. Group numbers 1, 2 and 3 correspond to patients 
with unstable angina, patients in the coronary care unit with 
nonischemic diseases and patients with stable CAD, respec- 
tively. The means (+ standard deviations) for the groups were 
significantly different (p = 0.001) with subgroup analysis 
yielding significant differences between groups 1 and 2 

(p = 0.02) and 1 and 3 (p = 0.004), but not between groups 2 
and 3. 
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not a consequence of procedures associated with the 
coronary care unit. 

In our study, 11 patients admitted to the coronary 
care unit with a diagnosis of unstable angina were 
found to have increased creatine kinase-MB values 
within 4 hours of admission. They were excluded from 
subsequent analysis because of presumed myocardial in- 
farction. The CRP values for all these patients were ele- 
vated, with an average for the group of 5.2 + 3.3, which 
is consistent with values reported previously.'4-!® 

Electrocardiographic changes and C-reactive pro- 
tein values: Approximately 70% of the study patients 
with unstable angina had electrocardiographic changes 
at rest in the coronary care unit. Analysis of the CRP 
values in unstable angina patients with ST-T-wave ab- 
normalities suggested that these patients had higher val- 
ues (2.6 + 3.4) than patients with unstable angina but 
no electrocardiographic changes (1.3 + 0.9, p = 0.1). 

Temporal changes in C-reactive protein values: Un- 
stable angina is a dynamic disease with rapid fluctua- 
tions in symptoms. In several reports of CRP measure- 
ments in myocardial infarction, sudden increases in 
CRP levels were observed in association with recurrent 
symptoms, suggesting that CRP is a dynamic marker of 
inflammation. To gain insights into the temporal rela- 
tion between CRP values and unstable angina we stud- 
ied 2 patients with unstable angina associated with par- 
ticularly prominent and frequent electrocardiographic 
changes (ST-segment depressions of >0.3 mm, occur- 
ring >3 times/day). As shown in Figure 2 there were 
significant fluctuations in CRP values that bore some 
association with both clinical symptoms and electrocar- 
diographic changes. In patient 2 the inability to manage 
unstable angina medically was mirrored in the progres- 
sive increase in CRP before coronary artery bypass sur- 
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FIGURE 2. Serial C-reactive protein (CRP) levels after admis- 
sion in 2 patients with unstable angina. CRP levels were 
determined from daily venous blood samples drawn in the 
morning. Initial CRP values were 0.8 and 0.7 mg/dl in 
patients 1 and 2, respectively. Patient 1 (open circles) 
developed 2 mm of ST-segment depression during day 2, 
which resolved after administration of heparin on day 3. Pa- 
tient 2 (filled-in circles) developed increasing angina at rest 
despite maximal medical therapy and underwent coronary ar- 
tery bypass surgery for severe 3-vessel disease on day 8. 


DISCUSSION 

The observation that CRP values are elevated in pa- 
tients with unstable angina clearly indicates that a con- 
sequence of the “active” coronary atherosclerotic lesion 
is inflammation or tissue injury, or both. A central issue 
is whether this inflammatory response results from 
events occurring solely at the active lesion itself or is 
also, in part, a consequence of myocardial injury/isch- 
emia downstream from the epicardial coronary artery 
lesion. 

Inflammation in the atherosclerotic lesion: Wallsh 
et al!” noted during surgery that 21 patients undergoing 
coronary artery bypass surgery for unstable angina had 
“red lines” overlying 1 or more coronary arteries. Ad- 
ventitial biopsies revealed inflammatory cell nests and 
neovascularization. There is considerable pathologic evi- 
dence of inflammation in coronary arteries of patients 
dying suddenly of myocardial infarction. Increased ad- 
ventitial round cell and mast cell’ infiltrates have 
been observed in the coronary vessels of such patients. 
Because the most intense infiltration is frequently pres- 
ent in the area of an occlusive thrombus, it has been 
proposed that the inflammatory response preceded the 
terminal event and may have been causally related both 
to the infarction and to the preceding unstable angina.° 

There is angiographic evidence that unstable angina 
occurs in the setting of rapidly progressive CAD.!® This 
suggests that the cellular basis of clinical instability re- 
flects mitogenic influences and cellular proliferation in 
the intimal lesion.'!? Data from studies on the patho- 
genesis of atherosclerosis in animal models indicate 
that macrophage-derived factors may be important in 
smooth muscle cell chemotaxis and proliferation.2° The 
central role of the macrophage in inflammation implies 
that this process and atherosclerosis have certain com- 
mon features. Thus the presence of elevated CRP in 
“active” angina syndromes may reflect increased mac- 
rophage activity in the coronary atherosclerotic lesion 
causing this disease. 

In addition to macrophages, T cells have been dem- 
onstrated in both early and advanced intimal lesions. 
Jonasson et al?! observed that about 20% of the cell 
population in fibrous carotid atheromas expressed the 
T3 (CD3) antigen. Furthermore, smooth muscle cells in 
atherosclerotic plaque (but not normal vessels) express 
class II MHC (Ia) antigens? as do cells from balloon 
deendothelized arteries. This suggests that lympho- 
kines released by T cells may be responsible for alter- 
ations in smooth muscle cell function in atherosclerosis. 

Inflammation in the myocardium: An alternative, 
but not necessarily exclusive, explanation for increased 
CRP levels in “active” CAD is myocardial inflamma- 
tion. It is possible that myocardium repeatedly made 
ischemic may itself incite an inflammatory response. 
Subtle myocardial injury as a consequence of microem- 
bolization from the surface of an ulcerated plaque may 
also occur.* In our study population such putative 
microinfarctions would have to be so small as not to 
elevate creatine kinase-MB above normal since we ex- 
cluded patients with elevated creatine kinase-MB. 

Prior studies of inflammation in coronary disease: 
Several studies have suggested that increased white 


blood cell counts correlate with the risk of myocardial 
infarction.*4> Neutrophils in patients with unstable an- 
gina or acute myocardial infarction have recently been 
shown to be activated, as manifest by increased plasma 
levels of fibrin degradation peptide B£, an index of neu- 
trophil elastase release.*° These data provide further 
support for a contribution by inflammatory cells to the 
pathogenetic features of CAD. 

There have been several previous studies of CRP in 
acute coronary syndromes, but their primary focus has 
been on myocardial infarction.!*-'© DeBeer et al!4 ob- 
served no elevation of CRP in patients with stable angi- 
na undergoing exercise testing. However, CRP levels 
were increased in 3 of 7 patients hospitalized with se- 
vere chest pain but no infarction. In 10 patients with a 
presumptive diagnosis of unstable angina, Kushner et 
al'® found increased CRP levels in 5 patients. The data 
in these reports, although not collected with the objec- 
tive of studying unstable angina, lend credence to our 
observations. 

Physiological and clinical implications: As previous- 
ly noted, both vasospasm! and thrombosis,”? usual- 
ly considered as independent mechanisms, have been 
thought to be involved in the pathophysiology of unsta- 
ble angina. If elevation of CRP in unstable angina is 
indeed related to a “coronary arteritis,” then inflamma- 
tion may contribute to both vasospasm and thrombosis. 
The macrophage, in particular, may play a central role 
because it produces substances (leukotrienes, growth 
factors and procoagulant activity) that alter both vascu- 
lar reactivity and thrombogenicity.2’2? Whatever the 
mechanisms, the elevation of CRP in unstable angina is 
consistent with a central role for inflammation in the 
pathophysiology of “active” CAD. 

The clinical utility of measurements of CRP in the 
diagnosis and management of unstable angina remains 
to be defined. Although in this limited experience the 
sensitivity of the test was high, the specificity was un- 
avoidably compromised by the presence of other inflam- 
matory illnesses common in the elderly population with 
CAD. The data suggest that cardiac-specific markers of 
inflammation might have diagnostic utility in unstable 
angina, and that treatment of inflammation might be 
beneficial. In this context the beneficial effects of aspi- 
rin in unstable angina patients in the Veterans Adminis- 
tration Cooperative Study!? may have reflected de- 
creased inflammation in addition to decreased platelet 
aggregation. 
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Effects of Glutamate on Exercise Tolerance and 
Circulating Substrate Levels in Stable Angina 
Pectoris 


Anne Thomassen, MD, Hans E. Bgtker, MD, Torsten T. Nielsen, MD, Kristian Thygesen, MD, 
and Per Henningsen, MD 


The effects of glutamate on exercise tolerance, 
ischemic threshold and venous substrate concentra- 
tions were studied in 20 patients with stable angina 
pectoris and positive stress tests. Each patient 
underwent 4 upright bicycle exercise tests on con- 
secutive days. The first and fourth tests were per- 
formed without medication while the second and 
third tests were preceded by a low and high bolus 
dose of monosodium glutamate, either 0.8 and 1.5 
mg/kg body weight intravenously (10 patients) or 
40 and 80 mg/kg orally (10 patients). Comparison 
of the first and fourth tests revealed good repro- 
ducibility of electrocardiographic, hemodynamic 
and metabolic data. Glutamate increased exercise 
duration (p <0.05) in a dose-related way when giv- 
en intravenously (59 + 14 and 153 + 14 seconds) 
and when given orally (53 + 21 and 90 + 23 sec- 
onds; all data are mean + standard error of the 
mean). It also delayed the onset of ST-segment de- 
pression (p <0.05) by 73 + 19, 120 + 23, 62 + 27 
and 80 + 30 seconds, respectively. Hemodynamics 
were not changed by glutamate at rest or at com- 
parable workloads, but at onset of ST-segment de- 
pression the heart rate-blood pressure product was 
increased (p <0.05). Glutamate administration in- 
duced dose-related 1.5- to 10-fold elevations in 
plasma glutamate, 15 to 50% decreases in plasma 
free fatty acids (p <0.05) and 5 to 30% increases 
in plasma alanine contents. Circulating levels of 
glucose, lactate, citrate and albumin were not mod- 
ified by glutamate. No adverse effects were ob- 
served. Augmented provision of glutamate im- 
proves working capacity and ischemic threshold in 
patients with stable angina, presumably through a 
metabolic mechanism. 

(Am J Cardiol 1990;65:173-178) 
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number of experimental models have demon- 
Ae that exogenous application of glutamate 

improves the mechanical function and recovery 
of ischemic myocardium.!* The exact mechanism of 
the observed protection is uncertain but has been associ- 
ated with increased anaerobic energy production.>>> It is 
unknown whether increased provision of glutamate 
protects against ischemic myocardial damage in man. 
However, glutamate is the only amino acid taken up by 
the human heart in measurable amounts and the arte- 
riovenous differences are increased in patients with cor- 
onary artery disease.® Scintigraphy with thallium-201 
and nitrogen-13 glutamate has shown that extraction of 
glutamate is augmented in acutely ischemic myocardi- 
um.’ Global myocardial extraction of glutamate can be 
as much as 90% of the arterial contents in patients with 
coronary artery disease. This suggests almost complete 
extraction and perhaps insufficient supply of glutamate 
to ischemic areas. Furthermore, infusion of glutamate 
and glutamate-enriched cardioplegia have been shown 
to enhance cardiac performance in patients with cardiac 
failure.?:'!° We examined whether intravenous and oral 
glutamate administration could improve the ischemic 
threshold in patients with stable angina pectoris. We 
also examined the effects of glutamate on hemodynam- 
ics and circulating substrate levels during rest and exer- 
cise. 


METHODS 

Patients: The study included 15 men and 5 women 
(age 57 + 2 years). Each fulfilled the inclusion criteria: 
a history of typical stable effort angina for 26 months 
and development of 21 mm ST-segment depression 
during a prestudy exercise test. Eight patients had 
a documented history of myocardial infarction >4 
months before the study. A coronary angiogram was 
available in 15 patients and showed >50% fixed diame- 
ter reduction of at least 1 coronary artery. None of the 
patients had anginal attacks at rest, congestive heart 
failure, valvular heart disease, bundle branch or atrio- 
ventricular block, severe hypertension or metabolic or 
electrolyte abnormalities. None received digitalis. 

Study protocol: After informed consent was ob- 
tained, long-acting antianginal medication was stopped 
a week before the study. Sublingual nitroglycerin was 
allowed up to 4 hours before each of the 4 upright bicy- 
cle exercise tests performed by every patient in the 
morning after an overnight fast on 4 subsequent days. 
No medication was given before the first and fourth 
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TABLE I Exercise Tolerance 


Exercise Test No. 
Dose of Glutamate (mg/kg body weight) 


Exercise duration (s) 

Time to onset of ST-depression (s) 
Maximum ST-depression (mm) 

Angina (none /slight / moderate /severe) 


Date are mean + standard error of the mean. 


Difference from respective values in test no. 1: * p <0.05, t p <0.01, * p <0.001. 


TABLE II Hemodynamics 


Test No. 
Dose of Glutamate (mg/kg body weight) 


Heart rate (beats /min) 


Intravenous Glutamate (n = 10) 


1 


319 + 36 
165 + 28 


2.1+0.2 


2 
0.8 


378 + 38t 
238 + 41* 
2.2+0.2 


0/2/6/2 2/1/6/1 


3 
1.5 


472 +511 
285 + 38+ 
1.8 + 0.2 
2/2/5/1 


Intravenous Glutamate (n = 10) 


1 
0 


1.5 


359 + 39 
166 + 28 
2.0+0.2 


1/2/6/1 


1 


373441 
244 + 30 
2.1+0.3 
0/5/3/2 2/3/3/2 


1 


Oral Glutamate (n = 10) 


426 + 49* 
306 + 46* 
t8403 


Oral Glutamate (n = 10) 


463 + 49t 
324 + 45* 
1.9 + 0.4 
3/3/3/1 


402 + 42* 
267 + 44 


2.0+ 0.2 


2/2/4/2 





At rest 8145 8346 86+6 81+5 74+4 78+4 79+4 77 +3 
Exercise after (2)-5 minutes 126+6 1257 123485 124+6 118+6 120+6 127+5 122 £5 
Exercise at onset of ST depression 11246 125+ 7* 126+ 4t 11445 1116 117 + 5* 121 +6t 11344 
Exercise at end 133 +7 138 + 6 13945 133 +6 126+6 129+6 134+6 130+5 
Recovery at 30 minutes 79+5 80+ 4 83+5 82+3 76+4 72+ 2 7943 75+ 3 
Systolic arterial pressure (mm Hg) 
At rest 137+4 136+5 121441 123 + 517 123 + 4 11943 11544 11644 
Exercise after (2)-5 minutes 154+6 155 4 15245 14545 141 +7 14647 1468 141 7 
Exercise at onset of ST depression 14945 159 + 6t 1546 147 44 14 +6 151 7 151 £7 140 +8 
Exercise at end 15847 167 + 7* 163 +7 158+7 150+7 161+ 7* 162 + 8* 151+7 
Recovery at 30 minutes 129+6 121+4 121 + 4* 120 + 5* 120+ 4 11543 117+4 114+3 
Mean arterial pressure (mm Hg) 
At rest 106+ 2 10543 97 +3! 98 + 3* 94+3 90+3 89 +2 91+3 
Exercise after (2)-5 minutes 11343 112+3 112+3 106+2 103 +4 103+5 101+6 100+ 4 
Exercise at onset of ST depression 11143 115 +'3* 112+2 106 + 2 103 +4 107+ 4 106+ 4 100+ 4 
Exercise at end 11544 1194 118 +3 1134 107 44 11144 111+6 106+ 4 
Recovery at 30 minutes 101+3 97 +2! 95+3 95+3 93 +3 90+2 9143 88 + 2t 
Rate-pressure product (mm Hg X beats/min X 0.01) 
At rest 11149 114411 10447 99 + 8* 91 +5 93 +6 92+6 89+4 
Exercise after (2)-5 minutes 195+13 194411 188 + 11 180+ 11 168+14 177416 179+15 173 £13 
Exercise at onset of ST depression 167 £1 199+ 14* 197412* 17248 158415 175415* 181415t 157414 
Exercise at end 213416 220416 228415 210+16 188416 206415 212416* 192415 
Recovery at 30 minutes 104+9 98 +7 101+7 99+7 91+6 84+4 90+4 87+4 


Data are mean + standard error of the mean. 
Difference from respective values in test no. 1: * p <0.05, t p <0.01. 


tests. The second and third tests were preceded by a 
bolus dose of monosodium glutamate—either 0.8 and 
1.5 mg/kg body weight given intravenously 5 minutes 
before exercise (10 patients) or 40 and 80 mg/kg given 
orally 30 minutes before start of exercise (10 patients). 
A solution of 25 mg/ml (170 wmol/liter) monosodium 
glutamate was used for intravenous injection while each 
oral dose of crystalline monosodium glutamate was dis- 
solved in 50 ml of water just before ingestion. The pa- 
tients were questioned daily about subjective adverse 
drug effects. 

During each exercise test the initial workload of 50 
watts was increased by 50 watts every 3 minutes until 
angina, dyspnea or exhaustion occurred and the test was 
stopped. Blood pressure was measured by arm cuff. Six- 
lead electrocardiograms (standard leads I, II, HI and 
precordial leads V2, Vs, Vs) were recorded continuous- 
ly, and heart rate, ST-segment displacement 0.08 sec- 
ond after the J point and blood pressure were measured 
every minute from 1 minute before to 5 minutes after 
end of exercise and at 15 and 30 minutes of recovery. 
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Intensity of anginal pain at the end of exercise was as- 
sessed as slight, moderate or severe (below, similar to or 
above the level of pain at which the patient normally 
would take sublingual nitroglycerin). 

Blood samples were drawn from an antecubital vein 
at identical times during the 4 tests in each patient: be- 
fore glutamate administration and 1 minute before start 
of exercise; at 5 minutes after start and at stop of exer- 
cise; and at 15 and 30 minutes of recovery. In case the 
first exercise test was stopped before 5 minutes, blood 
samples were drawn after a similar exercise duration in 
the following tests. The blood samples were prepared 
and analyzed for contents in whole blood of lactate and 
in plasma of albumin, free fatty acids, glucose, citrate, 
glutamate and alanine as described earlier.® 

Calculations and statistics: The rate-pressure prod- 
uct was determined as the systolic blood pressure multi- 
plied by heart rate. Values are mean + standard error 
of the mean. The paired ¢ test, Wilcoxon signed rank 
test and linear regression analysis were used for statis- 
tics. Statistical significance was assumed at p <0.05. 


RESULTS 

Mean doses of monosodium glutamate given before 
the second and third tests were 62 + 2 and 115+ 4 mg 
intravenously and 2.8 + 0.1 and 5.7 + 0.2 g orally. Two 
patients complained of headache after the highest oral 
dose but none reported adverse effects after intravenous 
glutamate administration. 

Exercise duration, ST depression and angina: Exer- 
cise duration was increased after glutamate, when com- 
pared to the first test (Table I). The exercise prolonga- 
tions were dose-related both when glutamate was given 
intravenously (low vs high dose: 59 + 14 vs 153 + 14 
seconds, p <0.05) and orally (53 + 21 vs 90 + 23 sec- 
onds, difference not significant). Despite no medication, 
exercise duration in the fourth test also tended to be 
higher than during the first test (40 + 20 seconds [dif- 
ference not significant] in the intravenously and 29 + 
10 seconds [p <0.05] in the orally treated group). Exer- 
cise prolongations after high but not after low dose glu- 
tamate were, however, higher than these spontaneous 
prolongations in both groups (p <0.05). 

The onset of 21 mm of ST-segment depression dur- 
ing exercise was delayed after glutamate (p <0.05) in a 
dose-related manner, both when given intravenously 
(low vs high dose: 73 + 19 vs 120 + 23 seconds, p 
<0.02) and orally (62 + 27 vs 80 + 30 seconds, differ- 
ence not significant). Maximal ST depression was not 
influenced by the drug. Neither time to nor magnitude 
of ST-segment depression differed between the first and 
fourth test in the 2 groups. 

All patients stopped the first exercise test because of 
angina. Glutamate tended to relieve or even abolish ex- 
ercise-induced chest pain but without reaching statisti- 
cal significance. The degree of pain varied, although not 
significantly, between the first and fourth test. 

Hemodynamics: The first and fourth tests showed 
good reproducibility of heart rate, blood pressure and 
rate-pressure product (Table II). The rate-pressure 
product at onset of ST-segment depression was in- 
creased by both intravenous (p <0.05) and oral (p 
<0.05) glutamate, but glutamate did not consistently 
change hemodynamic values when they were measured 
at rest, after comparable durations of exercise or during 
recovery. 

Circulating substrates: Comparison of group mean 
data in the first and fourth tests revealed a good repro- 
ducibility of the basal venous substrate concentrations 
and of the metabolic response to exercise (Figure 1). 

Plasma glutamate levels were not influenced by ex- 
ercise in the control tests. Intravenous glutamate admin- 
istration rapidly increased the plasma content from 38 
+ 4 to 67 + 5 wmol/liter (p <0.01) after the low dose 
and from 38 + 3 to 91 + 14 wmol/liter (p <0.001) 
after the high dose. Mean peak plasma levels observed 
after ingestion of glutamate were 99 + 12 wmol/liter 
after the low dose and 260 + 31 umol/liter after the 
high dose. Despite rapid clearance of plasma glutamate, 
the concentrations remained above control values until 
the end of exercise both after intravenous and oral ad- 
ministration. 

Mean plasma albumin concentrations in all tests in- 
creased from 617 + 9 at rest to 651 + 7 wmol/liter at 


peak exercise (p <0.001) and returned to 619 + 5 
umol/liter after 15 minutes of recovery. Glutamate pre- 
treatment did not modify this exercise-induced hemo- 
concentration. 

Basal plasma glucose levels ranged from 4.37 to 5.98 
with an overall mean value of 5.26 + 0.05 mmol/liter. 
Neither exercise nor glutamate induced any significant 
changes in plasma glucose concentrations. 

Blood lactate accumulated significantly within 2 to 5 
minutes of exercise in every test with an overall mean 
value of 2.08 + 0.10 versus a resting level of 1.24 + 
0.05 mmol/liter (p <0.001). Glutamate did not change 
lactate levels at rest or during early exercise. Peak lac- 
tate concentrations at end of exercise tended to be in- 
creased in a dose-related manner after glutamate when 
compared to the first test, but this did not reach signifi- 
cance whether given intravenously (4.06 + 0.70 and 
4.11 + 0.44 vs 3.10 + 0.36 mmol/liter) or orally (3.90 
+ 0.58 and 4.37 + 0.36 vs 3.63 + 0.67 mmol/liter). 
Maximal percentage increase in blood lactate was posi- 
tively related to exercise duration in all tests (r = 0.44, 
p <0.001) regardless if they were performed with (r = 
0.40, p <0.01) or without (r = 0.55, p <0.001) gluta- 
mate pretreatment. 

Plasma alanine increased during each control test, 
reaching significance at 2 to 5 minutes of exercise (p 
<0.05) and maximum at 15 minutes of recovery (p 
<0.01). Overall mean values in the first and fourth tests 
were 323 + 8 at rest, 347 + 11 at early exercise and 
376 + 12 wmol/liter at 15 minutes of recovery. This 
exercise-induced elevation of plasma alanine was aug- 
mented by glutamate treatment in a dose-related way. 
Peak alanine levels at 15 minutes of recovery were high- 
er than control values after oral low dose (435 + 25 
umol/liter, p <0.05), oral high dose (476 + 27 umol/ 
liter, p <0.001) and intravenous high dose (411 + 29 
umol/liter, p <0.05), but not after intravenous low dose 
(400 + 29 umol/liter, difference not significant). 

Plasma free fatty acid concentrations decreased dur- 
ing exercise in the first and fourth tests from an average 
of 742 + 67 to 442 + 51 wmol/liter (p <0.001) in the 
intravenously treated group and from 485 + 42 to 346 
+ 25 umol/liter in the orally treated group. The free 
fatty acid levels returned to resting values at 15 minutes 
of recovery in the control tests. After glutamate admin- 
istration plasma free fatty acids were decreased even in 
the resting state (to 621 + 90 [p <0.05] and 550 + 68 
umol/liter [p <0.005] after low and high doses intrave- 
nously and to 348 + 31 [p <0.02] and 341 + 46 umol/ 
liter [p <0.01] after low and high doses orally). This 
decrease continued during exercise, reaching nadir val- 
ues of 421 + 101 (p <0.001), 368 + 72 (p <0.001), 205 
+ 30 (p <0.001) and 194 + 21 (p <0.001) wmol/liter, 
respectively. The fatty acid concentration remained sig- 
nificantly below pretreatment and control levels 
throughout the recovery period after glutamate inges- 
tion, but returned to normal values during recovery in 
the intravenously treated group. 

In every control test plasma citrate concentrations 
increased significantly (p <0.01) above resting level 
(overall mean 120 + 4 wmol/liter) after end of exercise. 
They reached peak values at 30 minutes of recovery 
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FIGURE 1. Mean venous substrate concentrations during 4 exercise tests. Tests 1 (O) and 4 (o2) were performed without 
medication while a low (¢) and high (m) dose of monosodium glutamate was given intravenously (10 patients) or orally (10 
patients) after the first sample in tests 2 and 3. In every patient, blood samples were drawn at the same time 

after start of exercise in each of the 4 tests. Exercise duration at sampling varied from 2 to 5 minutes between patients. 
Difference from respective values versus test no. 1: * p <0.05, ** p <0.01, *** p <0.001. 
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(140 + 4 uwmol/liter). Glutamate administration did not 
affect plasma citrate concentrations at rest or during or 
after exercise. 


DISCUSSION 

Working capacity and ischemic threshold were en- 
hanced in patients with stable angina pectoris after in- 
travenous and oral administration of glutamate. The 
improvement was accompanied by 1.5- to 7-fold eleva- 
tions of circulating glutamate levels, pronounced de- 
creases in plasma free fatty acids and accentuation of 
exercise-induced increases of plasma alanine. Gluta- 
mate was well tolerated and rapidly metabolized. 

This was a pilot study and neither the optimal dose, 
route of administration nor chemical form of glutamate 
for the treatment of ischemic heart disease in man was 
established. The beneficial cardiac effects of proprano- 
lol are associated with a 20% increase of arterial gluta- 
mate levels'' whereas much higher concentrations (6- to 
16-fold times physiologic levels) have been used in most 
studies of the cardioprotective effects of glutamate.!-5.!0 
We used the monosodium salt of glutamic acid and in- 
tended to achieve peak elevations of plasma glutamate 
ranging from 20 to 800%. Actual doses were chosen on 
the basis of previous pharmacokinetic reports. !? Side ef- 
fects, including burning sensations, facial pressure and 
chest pains, are seldom noted after these doses!3 and 
were not observed in this study. 

Oral glutamate has to be dissolved in water to en- 
sure rapid significant increases in plasma levels.!2 The 
characteristic taste of monosodium glutamate has no 
placebo equivalent'* and makes it virtually impossible 
to design a blind study. The open design of the present 
study is, however, a major point of concern because pla- 
cebo effects must be expected.!5 Anginal pain and 
working capacity are especially subject to the influence 
of placebo effects while hemodynamic and electrocar- 
diographic changes are less influenced.!5 Accordingly, 
in this as in other studies,!®!7 anginal pain and duration 
of work tended to vary when exercise testing without 
medication was repeated, whereas rate-pressure product 
and ST-segment depressions were reproducible. There- 
fore the delayed onset of ST-segment depression at an 
increased rate-pressure product after glutamate treat- 
ment suggests more specific physiologic actions on myo- 
cardial ischemic disease. The beneficial effects were 
dose-related whether glutamate was given orally or in- 
travenously. 

General hemodynamics both at rest and at compara- 
ble workloads were unchanged by glutamate adminis- 
tration, suggesting its effects to be mainly metabolic. 
Anaerobic adenosine triphosphate production may be 
increased by conversion of glutamate to succinate,3> but 
carbohydrate remains the most important energy source 
during ischemia.'* The initial high rates of glycolysis 
are, however, rapidly inhibited due to accumulation 
of lactate and reduced nicotinamide-adenine dinucleo- 
tide.'?° Glutamate may diminish lactate accumulation 
by transamination with pyruvate leading to the produc- 
tion of alanine instead of lactate.5?! Removal and reoxi- 
dation of cytosolic reduced nicotinamide-adenine dinu- 
cleotide occurs via the malate-aspartate cycle.22:23 Flux 


through this shuttle is partly regulated by cytosolic glu- 
tamate concentration’? and requires import of gluta- 
mate.” Via these involvements, glutamate may be of 
importance for the maintenance of increased glycolysis 
during ischemia.’ In fact, increased glucose breakdown 
has been reported in isolated myocytes when glutamate 
is present as the second substrate.24 

This study does not provide insight into the exact 
mechanism by which glutamate exerted its beneficial 
effects. Glutamate administration increased plasma ala- 
nine but did not affect blood lactate concentrations. 
This supports the supposition that glutamate transamin- 
ates with pyruvate! and that it may stimulate glyco- 
lysis without increasing lactate production. The pro- 
nounced depression of circulating free fatty acids seen 
after glutamate administration may additionally en- 
hance carbohydrate utilization due to a diminished sub- 
strate competition.!? The decrease of free fatty acids 
had occurred in the resting state before the onset of ex- 
ercise, which is known to be associated with an early 
transient reduction of plasma free fatty acids.25 The 
mechanism behind the antilipolytic effect of glutamate 
is so far unknown. 

These results suggest a cardioprotective action of 
glutamate in man and encourage more extensive studies 
of its cardiac metabolic effects. 
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The clinical and angiographic outcome of 18 
patients with coronary thrombus undergoing 
percutaneous transluminal coronary angioplasty 
without antecedent heparin therapy was compared 
to that of a group of 35 patients receiving pre- 
procedural heparin therapy. The former group had 
a significant reduction in angiographic success (61 
vs 94%, p <0.05) and a significant increase in im- 
mediate postprocedural thrombotic arterial occlu- 
sion (33 vs 6%, p <0.05). This difference existed 
despite equivalent frequencies of antiplatelet thera- 
py. Prolonged intravenous heparin therapy before 
angioplasty in the setting of coronary thrombus 
improves the overall success rate and lessens the 
likelihood of periprocedural coronary arterial 
thrombosis. 
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cedural risk factor for an unsuccessful outcome 

of percutaneous transluminal coronary angio- 
plasty (PTCA).!- The balance between those factors 
responsible for thrombus formation and propagation 
and those elements favoring clot lysis may be favorably 
altered in some circumstances. Specifically, the inhibi- 
tion of thrombin generation by heparin may not only 
affect clot propagation and platelet aggregation but also 
may allow endogenous fibrinolytic mechanisms to oper- 
ate more efficiently by decreasing the total clot burden. 
Preliminary reports from uncontrolled studies have sug- 
gested that heparin administration before PTCA in the 
setting of coronary thrombus may decrease the risk 
of periprocedural thromboembolic complications.+5 No 
study has compared the relative risk of PTCA in the 
setting of preexistent thrombus in patients with and 
without prior heparin therapy. Therefore, we retrospec- 
tively examined the acute outcome of a consecutive 
group of patients undergoing PTCA in the setting of 
intracoronary thrombus with particular attention to the 
presence or absence of pretreatment with systemic anti- 
coagulation. 


(estat thrombus has been identified as a prepro- 


METHODS 

Nine-hundred two PTCA angiograms performed 
from January 1985 through December 1987 were re- 
viewed for the presence or absence of preexistent intra- 
coronary thrombus. Patients who were within 24 hours 
of acute myocardial infarction, who had had thrombo- 
lytic therapy within 7 days of PTCA and those with a 
totally occluded culprit vessel were excluded from anal- 
ysis. Thrombus was considered present if there was a 
nonlinear filling defect distinct from the vessel wall on 
at least 3 borders.°’ All PTCA procedures were per- 
formed using standard transfemoral Judkins technique 
and ionic contrast media. Over the time interva! of this 
study, all procedures were performed with the same 
movable guidewire dilating system (USCI LPS-I). The 
adequacy of systemic anticoagulation at the outset and 
during the PTCA was assessed by periodic measure- 
ment of the activated clotting time, which in our labora- 
tory is considered satisfactory if >300 seconds. Supple- 
mental bolus intravenous heparin was given if the clot- 
ting time was below this level. 

Angiographic review and caliper assessment of the 
extent of coronary artery obstruction were performed 
by 2 experienced observers blinded with respect to pre- 
treatment and clinical outcome. Hospital records of the 
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Sex: M/F 17/1 


Mean age (yrs) 60 


(39-76) 
Recent acute myocardial infarction (%) 8 (44) 
Unstable angina (%) 13 (72) 
Prior thrombolytic therapy (>7 days) (%) 0 
Antiplatelet therapy (%) 17 (94) 
Intravenous nitroglycerin (%) 9 (50) 


Range 


16 (46) 


identified patients were reviewed for data regarding de- 
mographics, clinical presentation, in-hospital manage- 
ment, concomitant medications (including intravenous 
heparin and antiplatelet agents) and clinical outcome. 
PTCA outcome was assessed for angiographic success 
(defined as a final stenosis <50%), nonocclusive residu- 
al thrombus and occlusive thrombus at, or distal to, the 
PTCA site. Clinical outcome was examined with regard 
to the need for thrombolytic therapy, urgent coronary 
artery bypass grafting, myocardial infarction or a com- 
bination of these. 

Statistical evaluation of group differences was per- 
formed using chi-square analysis or Fisher’s exact test 
where appropriate. A p value <0.05 was considered sta- 
tistically significant. 


RESULTS 

Fifty-three patients meeting the study criteria were 
identified. Clinical and demographic data are listed in 
Table I. Group A consisted of 35 patients who received 
continuous intravenous heparin from 1 to 7 days (mean 
5.8, range 1 to 9) before PTCA while the 18 patients in 
group B received either no intravenous heparin (n = 17) 
or <24 hours (n = 1) of it. There were no significant 
group differences in patient age, frequency of recent 
infarction (>24 hours but <4 weeks), concomitant anti- 
platelet therapy (including aspirin), presence of unsta- 
ble angina (rapidly progressive change in patient symp- 
tomatology or angina at rest without evidence of 
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FIGURE 1. Statistically significant improvement in the 
angiographic result was noted in the group receiving 
heparin pretreatment. 
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myocardial infarction) or requirement for intravenous 
nitroglycerin. All PTCA procedures were performed for 
persistent symptoms despite intensive, in-hospital medi- 
cal regimens. 

The angiographic features of each group were also 
comparable. There were no significant differences in the 
distribution or extent of significant (>70% diameter re- 
duction) coronary disease. There were no differences in 
culprit vessel anatomy or severity of pre-PTCA stenosis 
(group A 86 + 13% vs group B 84 + 11%). Moreover, 
there were no differences in the presence of high risk 
features, such as bifurcation lesions (1 in group A, 0 in 
group B), stenosis length (no lesion in either group >10 
mm) or angulated segments. 

The indications for intravenous heparin therapy in 
the patients in group A were the presence of thrombus 
on the diagnostic coronary angiogram (22 patients), un- 
stable angina (8 patients) and prior thrombolytic thera- 
py (3 patients). The adequacy of systemic anticoagula- 
tion during the period of heparin infusion in 30 group A 
patients was verified from the hospital record. In all but 
one instance prolongation of the partial thromboplastin 
time was therapeutic (>1.5 X control) within 24 hours 
of the PTCA. 

All PTCA procedures were performed in a standard- 
ized fashion by the same group of 4 staff angiographers 
over the time interval of this study. The frequency dis- 
tribution of individual angiographers was unchanged 
over the time interval of the study and was similar for 
both groups of patients. 

As seen in Figure 1, the uncomplicated angiographic 
success rate for the 35 patients in group A (94%) was 
significantly higher than for the 18 patients in group B 
(61%). One patient in group B had an unsuccessful out- 
come due to failure of the balloon-guidewire unit to 
cross the lesion. Residual nonocclusive thrombus was 
present in 6 patients in group A (17%) and 4 patients in 
group B (22%). This difference was not statistically sig- 
nificant. 

Total vessel occlusion occurred in the catheterization 
laboratory in 2 patients in group A and 6 patients in 
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FIGURE 2. Complete (thrombotic) vessel occlusion occurred 
more frequently in the nonheparin-pretreated group (6 of 18 
patients) than in the heparinized group (2 of 35 patients). 
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group B (Figure 2). Intracoronary streptokinase was 
given to both patients in group A (1 having received 
prior streptokinase therapy) and was successful in 
achieving reperfusion in 1. In group B (none received 
prior streptokinase) 2 patients received streptokinase 
with reperfusion achieved in 1. Despite attempts to rees- 
tablish flow using repeated dilatation, 4 of the 6 patients 
in group B had unresolved vessel closure resulting in 
ongoing myocardial ischemia and were taken emergent- 
ly to the operating room. One patient in each group 
with unresolved occlusion was managed conservatively 
due to the absence of clinical or hemodynamic deterio- 
ration. Thus, in group A unresolved occlusion occurred 
with a frequency of 3% in contrast to 28% in group B (p 
<0.05). It should be noted that no occlusion occurred 
primarily as the result of coronary dissection. There 
were no deaths in either group. Finally, it is emphasized 
that satisfactory prolongation of the activated clotting 
time (>300 seconds) was documented in all 8 patients 
with vessel occlusion. 

In group A 5 PTCA procedures were performed im- 
mediately after the diagnostic catheterization with a 
successful result in 3 patients and acute closure in 2. In 
group B 10 PTCA procedures were performed immedi- 
ately after the diagnostic study with success achieved in 
7 patients and acute closure in 3. Thus, in this clinical 
setting, ad hoc PTCA carried a significantly lower suc- 
cess rate compared to the entire study population (ad 
hoc 67%, total population 85%, p <0.05) and a higher 
risk of acute closure (ad hoc 33%, total population 15%, 
p <0.05). 

The fate of the intracoronary thrombus in those pa- 
tients in whom serial coronary angiograms were avail- 
able for review (31 in group A, 8 in group B) is of inter- 
est. There was a statistically significant increase in the 
frequency of clot propagation in group B (25 vs 13%, p 
<0.05). Conversely, the frequency of improvement in 
appearance and size of the thrombus was significantly 
greater in group A (38 vs 0%, p <0.001). Figure 3 
shows this behavior in 1 such group A patient. 
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DISCUSSION 

Improvements in instrumentation and pharmacolog- 
ic therapy have been largely responsible for the ex- 
panded indications for PTCA over initial recommenda- 
tions.* However, even with the advent of moveable 
guidewire systems a significant incidence of acute pro- 
cedural complications persists.>!° Several preprocedural 
variables have been identified as factors that increase 
the risk of an unsuccessful outcome. Intracoronary 
thrombus has been shown to pose an increased risk to 
PTCA.'? Although a decreased incidence of acute 
thromboembolic complications during PTCA has been 
associated with antiplatelet therapy,'!:!? no studies are 
available to date addressing the efficacy of such pre- 
treatment in the setting of preprocedural thrombus. 
Preliminary uncontrolled studies of the efficacy of pro- 
longed heparin infusion before PTCA in the setting of 
thrombus suggest that outcome may be improved.45 A 
recently published study examining the incidence of 
thromboembolic complications in patients with intracor- 
onary thrombus found no difference in clinical outcome 
in patients pretreated with heparin.'3 However, the in- 
clusion of patients with a totally occluded vessel in that 
study confounds the interpretation of the data. 

In the present retrospective study we noted a signifi- 
cant decrease in the immediate occlusive complications 
of PTCA in the setting of preexistent thrombus in the 
group receiving intravenous heparin for >24 hours. 
Interestingly, the occurrence of residual nonocclusive 
thrombus was unaffected by heparin pretreatment and 
may reflect the equal frequency of antiplatelet therapy 
in both groups. It should be emphasized that antiplate- 
let agents have not, by themselves, been shown to en- 
hance the safety of PTCA in this unique clinical setting. 
Thus, we conclude that the addition of prolonged (>24 
hours) intravenous heparin administration to the pre- 
PTCA treatment regimen confers additional benefit 
with respect to immediate outcome. 

It should be noted that no significant bleeding com- 
plications occurred in group A, indicating no additional 
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inal filling defect superimposed on high-grade stenosis in the mid-right coronary artery. B, angiographic 


resolution of filling defect after 1 week of intravenous heparin therapy. C, immediate appearance of right coronary artery after 


PTCA. 
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_ risk to those patients treated with prolonged hepariniza- 


tion. In addition, only 1 PTCA in group A was per- 
formed before heparin therapy was administered for the 
desired duration. This supports the notion that pro- 
longed heparin administration is an effective and safe 
adjunct to the management of patients with coronary 
thrombus.'*+!5 However, it is recognized that not all pa- 
tients with coronary thrombus can be expected to im- 
prove or remain clinically stable during prolonged hepa- 
rin infusion. 

The conclusions drawn herein need to be tempered 
in light of this study’s retrospective nature. It should be 
emphasized that both patient groups were equally dis- 
tributed over the time interval of the study. Coronary 
dilatation systems and pharmacologic regimens were 
unchanged over the time interval of the study. Decisions 
regarding the timing of PTCA and the institution and 
duration of heparin therapy were made by the referring 
physician on a case by case basis. Notably, over the 
time interval of the study there was no apparent consen- 
sus with respect to the appropriate management of 
these patients. In no patient was there an identifi- 
able contraindication to long-term heparin therapy and, 
therefore, all patients were potentially suitable for such 
treatment. Our review indicated that the coronary ana- 
tomic data and modes of clinical presentation were simi- 
lar in both groups. However, in this retrospective, non- 
controlled study we acknowledge that important, albeit 
unidentified, variables or biases may exist. 

All PTCA procedures were performed by the same 
staff angiographers over the time interval of the study. 
While individual decisions regarding management of 
acute vessel closure could not be properly controlled in a 
retrospective study, our observations regarding the dis- 
parity in immediate postprocedural coronary thrombot- 
ic occlusion remain valid and are clearly independent of 
subsequent management decisions. 

The angiographic recognition of intracoronary 
thrombus is fraught with ambiguity. Our working defi- 
nition, adopted from other investigators, is necessarily 
rigid and we recognize that our data represent an un- 
derestimation of the true frequency of coronary throm- 
bus. Nevertheless, the primary endpoint of this study— 
vessel occlusion—was equally stringent and thus our 
conclusions remain clinically relevant. 

In summary, prolonged intravenous heparin therapy 
appears to be beneficial in reducing the occlusive com- 
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plications of PTCA in patients with preexistent coro- 
nary thrombus. 
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IN ACUTE MI 


‘When used within 5 hours 
of acute MI onset. 
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A TISSUE PLASMINOGEN ACTIVATOR 


Established life-saving benefit in ASSET study 


in patients up to age 75... 


TRIAL OF TISSUE PLASMINOGEN ACTIVATOR FOR MORTALITY 
REDUCTION IN ACUTE MYOCARDIAL INFARCTION 


MORTALITY AT ONE MONTH’ 


ALL PATIENTS 


q 8%, 26% REDUCTION 





CONTROL ACTIVASE’ 
o=0,001 


Aspirin not used in ASSET study 


Please see brief summary of prescribing 
information on last page of this advertisement. 


**Anglo-Scandinavian Study of Early Thrombolysis 


(ASSET): Patients admitted to fifty-two coronary 
care units with suspected acute myocardial 
infarction were considered for inclusion in 

a double-blind study comparing recombinant 
tissue-type plasminogen activator (rt-PA) 

100 mg plus heparin with placebo plus heparin. 
2,514 patients were randomly allocated to rt-PA 
and 2,499 to placebo. All patients received 
Activase® within 5 hours of onset of symptoms. 


Recombinant tissue-type plasminogen activator 
(rt-PA) was given as a bolus dose of 10 mg fol- 
lowed by an infusion of 50 mg in 1 hr and then 
20 mg in each of the next 2 hrs. The same pro- 
cedure was followed with the placebo material. 
All patients were given an initial bolus dose 

of intravenous heparin 5000 units, and, after 
administration of rt-PA or placebo, a heparin 
infusion of 1000 units/hr was administered 

for 21 hrs: 








SAVES LIVES IN 
ACUTE MI 


“When used within 5 hours of acute Mi onse 








Supported by ECSG with a low mortality rate 
at 21 days...” 


MORTALITY RATES AT 21 DAYS” 


tThe European Cooperative Study Group (ECSG): 
MORTALITY RATES: Patients treated MORTALITY RATES: 26 participating centers conducted a double- 
within 3 hours of onset of symptoms All patients treated blind, placebo-controlled trial of Activase* 
in patients with acute myocardial infarction 
(N = 721). The purpose of the study was to 
assess the effect of Activase” on size of infarct, 
left ventricular function and survival in acute 
myocardial infarction as a secondary end point. 
Patients aged 21-71 with ECG evidence of acute 
68% 41% MI were eligible for the trial. All patients in the 
REDUCTION REDUCTION trial were given 250 mg of ASA and a bolus 
injection of 5000 IU heparin before the start of 
the trial. All patients received the study drug 
within 5 hours of onset of symptoms. Patients 
in the treatment group were given 100 mg of 
Activase® over 3 hours (10 mg IV bolus, 50 mg 


l | infused during the first hour and 40 mg infused 


ASA and heparin --Activase” plus ASA and heparin Activase“ plus over the next two hours). Controls were given 


ASA and heparin ASA and heparin ' 
e he same m 
1p=002 1p =005 placebo by the same method 





Aspirin given adjunctively in ECSG study 


"Although these data do not demonstrate unequivocally a significant 
reduction in mortality for this study, they do indicate a trend that 
is supported by the results of the ASSET study. 


Please see brief summary of prescribing 
information on last page of this advertisement. 
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à ALTEPLASE, RECOMBINANT 


A TISSUE PLASMINOGEN ACTIVATOR 





Natural protein equivalent to 
human tissue plasminogen activator 


NO DRUG-INDUCED HYPOTENSION 


No reported episodes of infusion-related hypotension requiring 
emergency intervention 


NO ANAPHYLACTIC REACTIONS 


No pattern of serious or life-threatening allergic reactions 
has been reported 


NO REACTION WITH ANTISTREPTOCOCCAL ANTIBODIES 


Because Activase’ is a recombinant natural protein, it does not react 
with antistreptococcal antibodies, thereby reducing the concern 
regarding therapeutic failures 


Short half-life and fibrin specificity compatible with invasive therapeutic 
intervention, e.g., hemodynamic monitoring, angioplasty or emergency 
coronary artery bypass surgery (CABG) 


Please see brief summary of prescribing 
information on last page of this advertisement. 





A GUOD SAFETY 
PROFILE IN ACUTE MI 





Low incidence of intracranial bleeding 
even when used with aspirin 


=x |n the TIMI-Il study, where 2,952 
1 patients were treated with heparin, 

I| aspirin and 100 mg of Activase* 

1 the incidence of hemorrhagic 

i stroke was 0.5%: 


Occurrence of stroke comparable to placebo 


o e = [ata from the ASSET study 
= ACTIVASE' | PLACEBO f (N=5013) reported the 


0/ 1 0% overall risk of post-MI stroke 


with Activase’ (11%) was 

comparable to placebo (1.0%). 
Bleeding is the most common complication of thrombolytic therapy, with 
intracranial bleeding being the most serious. Activase” is contraindicated 
in patients with: active internal bleeding, history of cerebrovascular acci- 
dent, recent (within two months) intracranial or intraspinal surgery or 
trauma, intracranial neoplasm, arteriovenous malformation, or aneurysm, 
known bleeding diathesis, severe uncontrolled hypertension. (See 
WARNINGS section of brief summary of prescribing information.) 








Please see brief summary of prescribing 
information on last page of this advertisement 








OPTIMIZE THERAPEUTIC 
BENEFITS THROUGH 
PROPER PATIENT SELECTION 





Therapeutic window within 6 hours of 


onset of symptoms 


The benefits of thrombolytic activity are demonstrated up to 6 hours 
after the onset of symptoms 


Therapeutic benefits in patients up to 


75 years of age 


Proven reduction in mortality in patients up to 75 years of age when 
used within 5 hours of acute MI onset’ 


Easy-to-follow dosing guidelines 
Standard dose: 100 mg 
For patients less than 65 kg: 1.25 mg/kg 


Initiate lytic dose as follows: 60% of total therapeutic dose 
should be administered in the first hour of which 6-10 mg 
should be administered as bolus. The remaining 40% 

is delivered over the next 2 hours. 


ACTIVASE 


ALTEPLASE, RECOMBINANT 


A TISSUE apy teres oe: ACTIVATOR 


Referen 


1. ox Re Bacal ibe Skene AM et al: Trial of ti las en activator for mortalit int las myocardial infarction: Results of the Throm- 
a oN sage ta a ead ipl yy bolvels A ives Salat a aagana n ape myocar gi J Med 1989:320(10):618-627 








2. Summar ene oa oval, data from the European Cooperative Study Group, 1988, on file, Please see brief summary of prescribing information on facing page. 
Genentech, Inc © 1989 Genentech® Inc. 

3. Van de Wert F Arn old AER: intra s tissue plasminogen of in 

ventricular fun and s nacute nes an i infarctio Br Me ad J 1988. 287 we ure 


Tere 1 v fst aromas aie aud eenee BEA KE alah ta Genentech; Inc. 





u 


k \ ALTEPLASE, RECOMBINANT 


A TISSUE PLASMINOGEN ACTIVATOR 


Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
is contraindicated in the following situations: » Active internal bleeding « History of cerebrovascu- 
lar accident + Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) - Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 
diathesis + Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites e Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular ‘njections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE® Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE® and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: + Recent (within 10 days) major surgery, obstetrica! delivery, organ 
biopsy, previous puncture of noncompressible vessels + Cerebrovascular disease * Recent (within 10 
days) gastrointestinal or genitourinary bleeding * Recent (within 10 days) trauma + Hypertension: 
systolic BP=180 mm Hg and/or diastolic BP=110 mm Hg « High likelihood of left heart thrombus, e.g., 
mitral stenosis with atrial fibrillation e Acute pericarditis » Subacute bacterial endocarditis + Hemostatic 
defects including those secondary to severe hepatic or renal disease » Significant liver dysfunction « 
Pregnancy • Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions + Septic 
thrombophlebitis or occluded AV cannula at seriously infected site e Advanced age, i.e., over 75 years 
old + Patients currently receiving oral anticoagulants » Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE® and heparin should be 
discontinued immediately. Heparin effects can be reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under jn vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 


_ analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 


extent mitigate this phenomenon. 
Drug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE® therapy. 
Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
Clearly needed. 
Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 
Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
n mitotic Hui was evidenced only after prolonged exposure and only at the highest concentra- 
tions tested. 
Nursing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
nursing woman. 
ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
Categories: « Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites e Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 
The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 





WACTIVASE = 


The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follows: 





Dose Number of Patients h 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 





These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trials1-7 is not signficantly different in the ACTIVASE® treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 


Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 


dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitant 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE® therapy. 


DOSAGE AND ADMINISTRATION: Administer ACTIVASE” as soon as possible after the onset 
of symptoms. 

ACTIVASE® is for intravenous administration only. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million 1U) over the second 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 


A DOSE OF 150 MG OF ACTIVASE” SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Although the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given 
either during and/or following heparin treatment. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany- 
ing Sterile Water for Injection, USP to the vial. It is inportant that ACTIVASE® be reconstituted only with 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
ACTIVASE® 1.0 mg/mL at approximately pH 73. The osmolality of this solution is approximately 
215 mOsm/kg. 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediately 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. 

ACTIVASE™ is stable for up to 8 hours in these solutions at room temperature. Exposure to light has 
no effect on the stability of these solutions. Excessive agitation during dilution should be avoided: 
mixing should be accomplished with gentle swirling and/or slow inversion. Do not use other infusion 
solutions, e.g., Sterile Water for Injection, USP or preservative-containing solutions for further dilution. 

N- other medication should be added to infusion solutions containing ACTIVASE” Any unused 

infusion solution should be discarded. 
HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
containing vacuum, each packaged with diluent for reconstitution. 
Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 

ACTIVASE® Alteplase, recombinant 
Manufactured by 

GENENTECH® INC. 

460 Point San Bruno Blvd. 

South San Francisco, CA 94080 
April, 1989 
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Changing Use of Coronary Angioplasty and 
Coronary Bypass Surgery in the Treatment 
of Chronic Coronary Artery Disease 


William S. Weintraub, MD, Ellis L. Jones, MD, Spencer B. King, Ill, MD, Joseph Craver, MD, 
John S. Douglas, Jr., MD, Robert Guyton, MD, Henry Liberman, MD, and Douglas Morris, MD 


Changes in the use of coronary artery bypass 
grafting (CABG) and percutaneous transluminal 
coronary angioplasty (PTCA) over the last several 
years have resulted in a new and different environ- 
ment for the interventional treatment of coronary 
artery disease. This study explores these changes 
as applied to the treatment of chronic coronary ar- 
tery disease. The study population comprised 
14,078 patients undergoing diagnostic cardiac 
catheterization between 1981 and 1988. In 1981, 
1,704 patients underwent a first known cardiac 
catheterization at Emory University Hospital or 
Crawford W. Long Hospital and were found to have 
significant coronary artery disease. Of these pa- 
tients, 51.7% were treated medically, 44.0% by 
CABG and 4.3% with PTCA. A similar group com- 
prised 1,719 patients in 1988. Of this group 
41.2% were treated medically, 28.5% with CABG 
and 30.3% with PTCA. The data reveal a much 
more complex phenomenon than a simple increase 
in PTCA for the treatment of coronary disease at 
the expense of CABG. The CABG group aged such 
that the percent of the CABG population more than 
65 years old increased from 26.0% of the total in 
1981 to 44.9% of the total in 1988. The percent of 
patients with ejection fractions <50% in the CABG 
population increased from 24.5% in 1981 to 
29.7% in 1988. The PTCA population had less se- 
vere disease, was younger and had better left ven- 
tricular function. Nonetheless, the percent more 
than 65 years old increased from 15.4% in 1981 
to 35.4% in 1988. The percent of patients with 
ejection fractions <50% increased from 9.6% in 
1981 to 15.1% in 1988. Similar changes were not- 
ed in the medically treated group. Not surprisingly, 
the biggest increases in PTCA occurred in 1- and 
2-vessel disease patients, with a concomitant de- 
crease in the CABG referrals in these patients. 
Thus, 2 processes occurred at the same time. The 
population grew older and had more significant cor- 
onary narrowing. At the same time PTCA was used 
with increasing frequency as a treatment for 1- and 
2-vessel coronary artery disease. This has resulted 
in a marked shift in the CABG population. These 
changes have significant implications for policy 
planners, reimbursors and clinical researchers in 
the treatment of coronary artery disease. 

(Am J Cardiol 1990;65:183-188) 


able change in the practice of cardiovascular 

medicine. The 1970s was a period of growth for 
coronary artery bypass grafting (CABG)! with a con- 
comitant decrease in its complication rate.* Major stud- 
ies during this period gradually defined the role of 
CABG. The introduction of percutaneous transluminal 
coronary angioplasty (PTCA) in the late 1970s has al- 
tered the treatment of coronary disease, and now there 
is uncertainty as to the respective roles of these tech- 
niques.*>-> Furthermore, the demographic characteristics 
of the patient population that undergoes PTCA have 
also changed as the procedure has developed. Part of 
defining the place of CABG and PTCA is to under- 
stand the nature of the populations that undergo 
these procedures. Thus, the present study explores the 
changes that have occurred in the referral patterns to 
interventional cardiovascular procedures after diagnos- 
tic cardiac catheterization between 1981 and 1988 at 2 
Emory University hospitals. 


Te last several years have been a time of consider- 


METHODS 

Patient population: The population is drawn from 
patients undergoing initial diagnostic cardiac catheter- 
ization at Emory University Hospital or Crawford W. 
Long Hospital between 1981 and 1988. The catheter- 
izations were performed to define the presence and ex- 
tent of coronary artery disease. Patients undergoing cor- 
onary angioplasty for evaluation of acute myocardial in- 
farction, valvular heart disease, congenital heart disease 
and primary myocardial diseases were excluded. Pa- 
tients were considered to be referred to PTCA if it was 
performed within 30 days of the diagnostic catheteriza- 
tion. Patients were similarly considered to be referred to 
CABG if they had CABG within 30 days of the diag- 
nostic catheterization and did not have an intervening 
PTCA. However, 1986 was the last full year before a 
prospective randomized trial of CABG and PTCA for 
the treatment of multivessel coronary disease began at 
Emory. The study population comprised 14,078 patients 
having a first known catheterization and found to have 
coronary disease between the years 1981 and 1988. 


From the Divisions of Cardiology and Cardiothoracic Surgery, Emory 


University Hospital and Crawford Long Hospital of Emory University, 
Atlanta, Georgia. Manuscript received September 12, 1989, and ac- 
cepted September 14. 

Address for reprints: William S. Weintraub, MD, Cardiovascular 
Epidemiology, Emory University Hospital, 1364 Clifton Road, Atlanta, 
Georgia 30322. 
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Year 


Number 

Ages (yrs) 

% 265 years 

% >75 years 

% female 

% class III/IV angina 
1-vessel disease 
2-vessel disease 
3-vessel disease 
Left main disease 
LVEF (%) 

% LVEF <50% 


1982 


1,803 
58 + 10 


56.5 

627 

506 

474 

100 

58 + 16 59415 
30.0 24.6 


1983 


1,788 
59 + 10 


58 + 16 
28.1 


LVEF = left ventricular ejection fraction; NS = difference not significant. 


TABLE Il Medically Treated Patients 


Year 


Number 

Age (yrs) 

% 265 years 

% 275 years 

% female 

% class III/IV angina 
l-vessel disease 
2-vessel disease 
3-vessel disease 
Left main disease 
LVEF (%) 

% LVEF <50% 


Overall 

l-vessel disease 
2-vessel disease 
3-vessel disease 
Left main disease 


1981 1982 


897 
5710 


95,4 17 58 + 16 
36.7 27.6 


1983 


869 
58+ 11 


55 + 16 
35.2 


1984 1985 


1,526 
60+ 11 


56+15 
29.0 


1984 1985 


716 
59+ 11 


54415 
30.9 


1986 


772 
9S9 


1987 


827 
61411 
41.7 
10.2 


48.6 46.9 46.6 44.3 44.3 


72.8 
45.5 
29.3 

8.7 


56+ 15 


1988 p Value 


709 
61411 
41.5 
11.8 


53't 16 
36.6 NS 


TABLE Ill CABG Patients 


Year 


Number 

Age (yrs) 

% =65 years 

% 275 years 

% female 

% Class III/IV angina 
1-vessel disease 
2-vessel disease 
3-vessel disease 
Left main disease 
LVEF (%) 

% LVEF <50% 

% mortality 


Overall 

1-vessel disease 
2-vessel disease 
3-vessel disease 
Left main disease 


Abbreviations as in Table |. 


1981 1982 


60+9 


65.8 

114 

244 

309 
82 

60+ 15 60+ 15 

24.1 22.4 
2.1 2.3 


45.0 
16.7 
46.3 
73.7 


1983 


787 
60 + 10 


60+ 15 
23.2 


2.2 
44.0 
12.3 
48.4 
70.1 


1984 1985 


672 
6l 10 


2.1 
44.0 
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1986 


1987 


1988 p Value 








Referral patterns to revascularization procedures were 
studied in these patients. 

Cardiac catheterization: Coronary arteriography 
was performed in multiple right and left anterior 
oblique projections. All angiograms were interpreted by 
at least 2 angiographers. In classifying patients accord- 
ing to number of diseased vessels, a significant coronary 
lesion was defined as a 250% luminal diameter narrow- 
ing judged as an average of multiple views. Two- and 3- 
vessel disease was defined as the occurrence of such le- 
sions in 2 or 3 of the major arterial systems. Contrast 
left ventriculograms were performed in the 30° right 
anterior oblique projection. Ejection fractions were cal- 
culated in 13,212 patients according to the area-length 
method.° 

Angioplasty technique: All procedures were per- 
formed using standard techniques that have previously 
been described in detail.’ Procedures were done by the 
femoral approach after sedation with diazepam 5 to 10 
mg intravenously. Patients received aspirin 325 mg oral- 
ly the night before the procedure and heparin 10 to 
20,000 U intravenously during the procedure. Nifedi- 
pine 10 mg orally was administered in most patients 
and atropine 0.4 mg intravenously as required. Dilata- 
tion was performed using fixed wire balloon catheters 
(USCI Inc.) from 1981 to 1983, and various steerable 
catheter systems since 1983. Patients were treated after 
the procedure with aspirin and discharged after 1 to 3 
days. Pre- and post-PTCA angiograms were measured 
by experienced angiographers (excluding the PTCA op- 
erator) and diameter stenosis results were calculated as 
the mean of 2 near orthogonal views using electronic 
calipers. 

Bypass technique: CABG was performed with stan- 
dard techniques. Myocardial protection is accomplished 
with hypothermia and crystalloid cardioplegia. Grafts 
were created from either the internal mammary arteries 
or vein grafts. When possible, patients were extubated 
the day after surgery and patients without complica- 
tions were discharged after 6 to 9 days. 

Data analysis: All data were complete except for 
some missing data on age, ejection fraction and angina 
class. Age was missing in 686 patients (4.9%), distribut- 
ed as 648 (9.9%) in the medical group, 1 (0.1) in the 
CABG group and 37 (1.6%) in the PTCA group. The 
ejection fraction was missing in 866 patients (6.2%), 
distributed as 388 (5.9%) in the medical group, 262 
(5.1%) in the CABG group and 216 (9.1%) in the 
PTCA group. Angina class was missing in 3,277 pa- 
tients (23%), distributed as 1,749 (26.6%) in the medi- 
cal group, 777 (15.1%) in the CABG group and 751 
(31.8%) in the PTCA group. These data would have 
been available at the time of choice of therapy except 
for patients not having venticulograms. All data were 
prospectively entered into a computerized database. 
Data were displayed as raw counts, percents and mean 
+ standard deviation where appropriate. Categorical 
variables were compared by chi-square, and continuous 
variables by l-way analysis of variance and unpaired 
tests. Significance testing compared data from 1981 to 


1988, and also data across the 3 treatment groups. This 
was done to diminish the influence of interval variations 
over time. Statistical testing was done with BMDP. 


RESULTS 

From 1981 through 1988 the total population of pa- 
tients undergoing cardiac catheterization to evaluate the 
presence or extent of coronary artery disease increased 
from 3,430 to 5,575 (Figure 1). The total undergoing 
CABG (patients catheterized within this institution 
and those referred after catheterization elsewhere) de- 
creased from 1,732 to 1,404 while the total undergoing 
PTCA increased from 503 to 2,116. From the pool of 
patients undergoing angiography, we have studied the 
in-hospital referrals of patients with coronary artery dis- 
ease to initial medical therapy, PTCA and CABG over 
these 8 years. 

The total number of patients in the study population, 
mean age, percent 265 and 275 years old, percent fe- 
male, number of patients with 1-, 2- and 3-vessel and 
left main disease, mean ejection fraction and percent 
with ejection fractions <50% are listed in Table I. 
There was an increase in age from 58 + 9 to 61 11 
years (p <0.0001) and the percent of patients over the 
age of 65 and over 75 years changed dramatically. 
There was also an increase in the percent of women. 
There was a slight decrease in mean ejection fraction 
(58 + 16 to 56 + 15%) (p = 0.004) over the 8 years. 
Surprisingly, there was a slight shift to fewer diseased 


Catheterizations 
Coronary Artery Bypass 


Coronary Angioplasty 

















Ay cant SRSA P Pari 
1981 1982 1984 1985 1986 


Year 





FIGURE 1. Patients undergoing cardiac catheterization, coro- 
nary artery bypass surgery and percutaneous transluminal 
angioplasty at Emory University Hospital and Crawford W. 
Long Hospital between 1981 and 1988. Data presented refer 
to the total population, of which the study population is a 
subset. 
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Number 


Age (yrs) 55+ 10 55412 58+ 11 


% =65 years 

% =75 years 

% female 

% class III/IV angina 
1-vessel disease 
2-vessel disease 
3-vessel disease 
Left main disease 


LVEF (%) 63+ 13 65+ 11 62+12 


% LVEF <50% 
% mortality 
% CABG 


Overall 

1-vessel disease 
2-vessel disease 
3-vessel disease 
Left main disease 


Abbreviations as in Table I. 


vessels. Thus, changes in referral patterns must be seen 
against a background of a changing, and in particular, 
an aging patient population. 

The patients treated medically are listed in Table II. 
The number of patients treated medically decreased 
from 881 to 709. The mean age increased from 57 + 10 
to 61 + 11 years (p <0.0001). The distribution of num- 
ber of diseased vessels was unchanged. The mean ejec- 
tion fraction of these patients decreased slightly from 55 
+ 17 to 53 + 16% (p = 0.004). The percent of patients 
treated medically decreased consistently over the entire 
study period. However, the percent of medically treated 
patients decreased from 70.7 to 49.9% in the 1-vessel 
disease group, while it was essentially unchanged in the 
3-vessel disease group. 

Similar data for the CABG patients are listed in Ta- 
ble III. The total number of patients internally referred 
decreased from 749 to 490. The mean age increased 
from 59 + 9 to 62 + 11 years (p <0.0001). The percent 
of patients 265 years increased from 26.0 to 44.9% (p 
<0.0001). A similar increase was noted in patients 275 
years old. The mean ejection fraction decreased from 60 
+ 15 to 56 + 16% (p <0.0001). The percent of patients 
with ejection fractions <50 increased from 24.1 to 
29.7% (p <0.0001). The percent of the total popula- 
tion referred to CABG decreased from 44.0 to 28.5%. 
CABG referrals dropped for each subgroup of patients 
as defined by number of diseased vessels, except for left 
main disease. For 1-vessel disease referral to CABG has 
become relatively rare, decreasing from 18.3% of the 
total population in 1981 to 4.2% in 1988. The referrals 
of patients with 3-vessel disease decreased modestly 
from 65.0 to 55.8%. 

Data concerning the use of PTCA are listed in Table 
IV. The number of internal referral patients increased 
more than 7-fold from 74 in 1981 to 520 in 1988. The 
age also increased from 56 + 9 to 59 + 12 years (p = 
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0.008). The percent 265 years old increased from 15.4 
to 35.4% (p = 0.001). There was a similar increase in 
patients 275 years old. The ejection fraction decreased 
from 66 + 12 to 61 + 13% (p = 0.002). The overall 
percent of the total population referred to PTCA in- 
creased from 4.3 to 30.3%. The percent increase in re- 
ferrals with 1-, 2- and 3-vessel disease has mirrored the 
decrease in CABG referrals and decreased use of medi- 
cal therapy without revascularization. For 1-vessel dis- 
ease, PTCA referrals increased from 69 (11.1% of the 
population) to 318 (46.0% of the population). For 2- 
vessel disease PTCA referrals increased from 5 (1.0%) 
to 139 (30.1%) patients. Although over time more se- 
verely diseased patients underwent PTCA, the percent 
of patients requiring CABG after failed angioplasty ac- 
tually decreased (p <0.0001). The ejection fractions 
have remained higher (p <0.0001), the vessels less se- 
verely diseased (p <0.0001) and the ages lower (p 
<0.0001) for the PTCA compared to the CABG pa- 
tients throughout. The percent of women was greater 
for PTCA than for CABG (p <0.0001), although this 
was not true in every year of the study. There was no 
significant difference in angina class between PTCA 
and CABG patients, although there were more class III 
and class IV angina patients in the intervention groups 
than in the medical group. The increase in PTCA for 
multivessel disease in 1987 and 1988 may be due, in 
part, to the randomized trial comparing coronary sur- 
gery to PTCA. 

Mortality data from this study must be compared to 
other studies with caution because the patients were 
only assigned to an intervention group if they had that 
form of therapy within 30 days. This may lead to higher 
mortality rates than in patients in whom medical thera- 
py is tried initially. There were 143 deaths (2.8%) in the 
surgical group between 1981 and 1988. Postoperative 
death correlated with increased age, female gender, left 





main coronary disease and ejection fraction <50%. The 
mortality was 1.5% <65 and 4.8% 265 years of age (p 
<0.0001). The mortality was 2.0% for men and 5.6% 
for women (p <0.0001). The mortality was 2.4% for 1- 
to 3-vessel disease and 5.2% for left main disease (p 
<0.0001). The mortality was 1.8% for ejection frac- 
tions >50% and 4.3% for ejection fractions <50% (p 
<0.0001). Operative mortality increased from 2.1% in 
1981 to 3.7% by 1988, but these changes could be ex- 
plained entirely by the changes in the population over 
this period. Thus, for patients under age 65 with 1- to 3- 
vessel disease and ejection fractions >50% there were 3 
deaths among 359 (0.8%) patients in 1981, and 1 in 167 
(0.6%) patients in 1988. This low risk group comprised 
50.6% of the patients in 1981, but decreased to 35.4% in 
1988. There were 13 (0.6%) deaths in the PTCA popu- 
lation. Mortality after PTCA was 0.3% for patients 
with ejection fractions 250% and 1.6% for patients with 
ejection fractions <50% (p = 0.003). Mortality after 
PTCA was 0.3% for 1-vessel disease and 1.5% for mul- 
tivessel disease (p = 0.001). Mortality was 0% in 1981 
and 0.8% in 1988 (difference not significant). 


DISCUSSION 

We present data that reveal several things about the 
practice of cardiology in a tertiary care center. First, the 
age of the population has increased and the left ventric- 
ular function has deteriorated. Second, PTCA has be- 
gun to mature as a treatment for coronary disease, and 
is even being used with increasing frequency to 
treat multivessel disease. This has begun to change the 
CABG referral base because patients who have less se- 
vere disease and better left ventricular function are be- 
ing selected for PTCA. These trends were well estab- 
lished by the end of 1986 before the beginning of the 
randomized trial comparing CABG to PTCA. Thus, the 
maturation process of PTCA has resulted in more 
patients undergoing this procedure and fewer patients 
being treated medically or by CABG. This change in 
pattern may increase the complication rates for both 
procedures. In addition, both the CABG and PTCA 
populations have been maintained through referrals 
from outside catheterization laboratories. This has cre- 
ated a parallel system of referral for CABG and PTCA. 

National trends can be determined from discharge 
data compiled by the National Center for Health Sta- 
tistics. In 1982 there were 170,000 CABG procedures.® 
This increased to 202,000 in 1984? and to 284,000 in 
1986.'° In 1984 35% of patients were over 65 years of 
age, and in 1986 44% were over 65. PTCA data were 
first available for the year 1983 when 32,300 proce- 
dures were performed.'' This increased to 46,000 in 
1984? and to 133,000 in 1986.'° In 1984 26% of the 
patients were over 65 years of age and in 1986 33% 
were over 65. These data represent discharge data for 
nonfederal hospitals in the United States. Procedures 
were determined from ICD-9-CM codes. Nationally 
there has been a steady increase in CABG, while the 
growth in PTCA has been relatively faster. Available 
data suggest that PTCA has not been as widely ap- 
plied as CABG, suggesting that the trend toward more 


PTCA and less CABG is not as firmly established na- 
tionally as it is at Emory. The national trend toward 
performing these procedures on an increasing percent- 
age of patients over 65 years old is virtually identical to 
that at Emory both for CABG and PTCA. In addition 
to these data, the National Heart, Lung, and Blood In- 
stitute’s PTCA Registry showed an increase in age, an 
increase in patients with abnormal ejection fractions 
and an increase in multivessel disease patients from the 
1977 to 1981 cohort to the 1985 to 1986 cohort.!? 
While increasing use of PTCA is clear, the national im- 
pact of PTCA on CABG is less certain. 

The value of PTCA in the treatment of angina pec- 
toris has been established!?:!4 although the use of PTCA 
in preventing myocardial infarction and prolonging life 
remains speculative. Current data suggest that patients 
have a good prognosis after PTCA,'*"!® although com- 
parisons to CABG are just beginning. Most CABG pa- 
tients have multivessel disease, are increasingly elderly 
and have compromised left ventricular function. Rou- 
tine care for such sick patients poses a tremendous chal- 
lenge to the cardiovascular surgeon and supporting 
staff. While patients referred to PTCA have less serious 
disease, there is increasing use of PTCA in patients with 
2- and even 3-vessel disease. Whether there really is un- 
certainty as to the correct form of therapy for many 
patients cannot easily be gleaned from this study, how- 
ever. It is possible that the sicker patients with multives- 
sel disease and more threatened left ventricular myocar- 
dium or with more diffuse disease are being appropri- 
ately referred to CABG. Alternatively, the multivessel 
disease patients sent to PTCA may be appropriately se- 
lected based on anatomic factors that allow PTCA to be 
performed safely. In addition, there may be patients 
sent to PTCA who are judged to be “inoperable” for 
CABG (“salvage PTCA”). Thus, it is possible that at 
any point in time there is either a large or a small pool 
of patients who could have either procedure. This itself 
is a crucial issue. If the pool of patients who could have 
either procedure is relatively large, then the need for 
trials to determine which procedure offers better revas- 
cularization and which procedure offers the better or 
more efficient long-term results are far more crucial 
than if the pool is small. 

Selection of therapy is based on value as perceived 
by the clinician and the patient, and this perceived value 
may encompass many factors. The factors that the 
physician should be assessing include decreased symp- 
toms, improved prognosis at minimum cost, decreased 
mortality and decreased morbidity. Prognosis includes 
the risk of future cardiac events and the need for repeat 
procedures as well as risk of death. Cost refers to total 
direct and indirect costs, not simply in-hospital charges. 
The most cost-effective form of therapy in the overlap- 
ping pool of patients cannot be defined without prospec- 
tive trials, because it is not possible to establish relative 
values due to uncertainty concerning selection of thera- 
py. Pending the results of such trials, the increasing use 
of PTCA must be explained on the basis of a perception 
of increased value relative to medical therapy or CABG 
in certain patient subsets. It could also be related to 
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increased familiarity with the technique on the part of 
the referring physicians and PTCA operators. Physi- 
cians may also respond to evidence based on accumulat- 
ed experience that PTCA is worthwhile. There have 
also been technical changes, such as the introduction of 
the steerable catheter in 1983!’ and many subsequent 
innovations, which may expand the scope of patients for 
whom the physician perceives PTCA is worthwhile. 
Thus, it is clear that both the population and the tech- 
niques are changing, making comparisons between tech- 
niques difficult. 

The potential populations for CABG and PTCA are 
unlikely to overlap completely. PTCA remains relatively 
ineffective in diffuse disease, chronic total occlusions 
and left main disease. For studies aimed at examining 
the relative roles of the 2 procedures, it is essential to 
have a firm understanding of the population from which 
the patients are drawn. If the population in the study is 
composed of a small fraction of the less ill patients with 
multivessel disease, the ability to generalize results will 
be much less than if the population is drawn from a 
wider spectrum. Thus, the value of CABG and PTCA 
can best be ascertained as part of a large database of all 
patients having either procedure, including a random- 
ized group in whom there is felt to be potential overlap 
of the 2 techniques. Thus, the randomized trials will 
provide necessary data to define the cost effectiveness of 
PTCA versus CABG in overlapping patients, while the 
Registry will define which patients are and which are 
not appropriate for either procedure. Evaluation of ther- 
apy would then be subject to formal decision analysis 
with meaningful data sets.!® Two such trials sponsored 
by the National Heart, Lung, and Blood Institute are 
now underway: the Emory Angioplasty Surgery Trial 
and the Bypass Angioplasty Revascularization Investi- 
gation. Other trials are underway in Europe. 

The implications of the choice of therapy are impor- 
tant from the standpoint of health care costs and reim- 
bursement. In particular, older and sicker patients will 
have a higher complication rate after coronary surgery, 
and will also have a longer hospital stay.!°-?! Similar 
trends may also be noted for PTCA patients. In addi- 
tion, there may be pressure to send patients to PTCA if 
it is perceived to be less expensive (whether true in the 
long run or not). While severity of illness has been 
shown to affect resource utilization,?? the patterns of 
choice of major modalities of care and how they affect 
resource utilization are more complex, and relatively 
unexplored. Finally, as the population of patients with 
common but expensive procedures ages and becomes 
sicker, there may be reason to reevaluate prospective 
payment strategies. 

Thus, the implications of this study are many, but 
the number of questions raised is greater. While pa- 
tients with coronary artery disease at Emory University 
have gotten older and have more left ventricular dys- 
function, the extent to which this may be generalized 
and to what types of institutions is unknown. National 
figures only confirm that the number of patients under- 
going these procedures is increasing, especially among 
the elderly. While PTCA is becoming more common, its 
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true value compared to other therapies remains un- 
known. Furthermore, how this population will change in 
the future can only be estimated. What is most clear is 
that the care of the patient with coronary disease is in a 
state of flux that may be anticipated to continue for 
some time to come. 
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Effects of Intravenous Isradipine on Left 
Ventricular Performance During Rapid Atrial 
Pacing in Coronary Artery Disease 


John B. Bedotto, MD, Eric J. Eichhorn, MD, Jeffrey J. Popma, MD, 
and Gregory J. Dehmer, MD 





The effects of isradipine, a new dihydropyridine 
calcium antagonist, were evaluated in 24 patients 
referred for elective cardiac catheterization be- 
cause of suspected coronary artery disease. Hemo- 
dynamics and left ventricular (LV) function (by digi- 
tal subtraction angiography) were measured at 
baseline and during rapid atrial pacing (mean peak 
heart rate 135 beats/min), which induced chest 
pain or electrocardiographic changes in all patients. 
After a control pacing period, intravenous isradi- 
pine (0.01 mg/kg, n = 16) or placebo (n = 8) was 
administered in a double-blind fashion and all vari- 
ables were measured again at baseline and during 
pacing to the same maximum heart rate. Before 
isradipine was given, pacing had no effect on sys- 
tolic blood pressure, while increasing diastolic 
blood pressure (68 + 8 to 87 + 11 mm Hg, p 
<0.0001) and LV end-diastolic pressure measured 
in the immediate postpacing period (13 + 5 to 18 + 
6 mm Hg, p <0.03) and decreasing LV end-diastol- 
ic volume index (59 + 18 to 40 + 12 ml/m?, p 
<0.001), stroke volume index (37 + 11 to 23 + 10 
mli/m2, p <0.0001), ejection fraction (0.64 + 0.07 
to 0.53 + 0.12, p <0.0003) and percent regional 
shortening in 4 of 5 myocardial wall segments. 
During pacing after isradipine, systolic and diastol- 
ic blood pressures were lower, ejection fraction 
was higher and percent regional shortening de- 
creased in only 2 of 5 myocardial segments. In 
comparison to placebo, isradipine increased base- 
line heart rate, ejection fraction and stroke volume 
index while it decreased arterial pressure and end- 
systolic volume index before the second pacing pe- 
riod. These data demonstrate the effects of isradi- 
pine on LV performance both at rest and during 
rapid atrial pacing. Whether the effects on LV per- 
formance are totally explained by the lower after- 
load induced by isradipine or related to some other 
mechanism is not clear, but these findings do sug- 
gest that isradipine may be useful for the treatment 
of patients with exertional ischemia or hyperten- 
sion. 

(Am J Cardiol 1990;65:189-194) 


antagonist, has been shown to have potent systemic 

and coronary vasodilating properties.'? Clinical tri- 
als with oral isradipine suggest that it may be effective 
in the treatment of patients with systemic hypertension, 
angina pectoris and congestive heart failure.” How- 
ever, differences exist among calcium antagonists with 
respect to their myocardial and electrophysiologic prop- 
erties. In previous animal and human studies, isradipine 
had mild depressant effects on the sinus node without 
altering atrioventricular nodal conduction; thus it slight- 
ly attenuated the reflex tachycardia stimulated by the 
decrease in blood pressure.!67 Moreover, isradipine ap- 
pears to have less cardiodepressant activity than other 
calcium antagonists.2*® These properties indicate that 
isradipine may be an effective agent for the treatment 
of myocardial ischemia. Therefore, we designed this 
study to investigate the acute effects of intravenous isra- 
dipine on left ventricular (LV) hemodynamics, volumes, 
ejection fraction and regional wall motion during rapid 
atrial pacing in patients with coronary artery disease 
(CAD). 


J asoni an investigational dihydropyridine calcium 


METHODS 

Patients: The study population consisted of 24 men 
referred for elective cardiac catheterization for the eval- 
uation of CAD. All patients had chest pain and horizon- 
tal ST-segment depression of 21 mm during a standard 
treadmill exercise test. Patients with unstable angina, 
congestive heart failure, myocardial infarction within 
the last 3 months, known extensive LV wall motion ab- 
normalities, LV end-diastolic pressure 225 mm Hg, im- 
portant conduction system disease, bradycardia (<50 
beats/min), uncontrolled hypertension or ST-segment 
abnormalities that would preclude the accurate inter- 
pretation of ischemic changes were excluded. Beta-adre- 
nergic blocking drugs, calcium antagonists and long- 
acting nitrates were discontinued 24 hours before the 
study. 
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Study protocol: A 6Fr pacing catheter was advanced 
from a femoral vein and positioned in the right atrium. 
A 7Fr micromanometer catheter (Millar Instruments) 
was advanced from a femoral artery and positioned in 
the left ventricle for pressure and dP/dt measurements. 
Aortic pressures were obtained with a fluid-filled cathe- 
ter system connected to a transducer and referenced to 
atmosphere at the mid-chest level. 

At baseline, a 12-lead electrocardiogram, aortic 
pressures, LV pressures, LV dP/dt and right anterior 
oblique digital subtraction left ventriculogram were ob- 
tained. Atrial pacing was then initiated at a rate 10 
beats/min above the resting sinus rate and increased by 
10 beats/min every 2 minutes until the onset of typical 
angina pectoris or 21 mm horizontal ST-segment de- 
pression was observed. The occurrence of angina or ST- 
segment depression was considered the endpoint of the 
pacing stress. Pacing was continued at this heart rate 
while a 12-lead electrocardiogram and all hemodynamic 
variables were measured. Atrial pacing was interrupted 
for a brief period (<30 seconds) during which LV end- 
diastolic pressure and a 12-lead electrocardiogram were 
again recorded. This was done to evaluate ST-segment 
changes in the absence of pacing artifacts and the re- 
sponse of the LV end-diastolic pressure immediately af- 
ter pacing. After these were recorded, pacing was re- 
sumed at the previous rate for a minimum of 1 minute 
before another digital subtraction ventriculogram was 
performed. Pacing was terminated and a minimum of 
10 minutes allowed for the hemodynamics to return to 
baseline. During pacing, up to 1 mg of atropine sulfate 
was administered if atrioventricular block occurred be- 
fore the onset of chest pain or ST-segment changes. 

After completion of the control pacing period, isradi- 
pine (0.01 mg/kg, n = 16) or placebo (n = 8) was ad- 
ministered by intravenous infusion in a double-blind 
fashion over 5 minutes. A placebo group was included 
to ensure that the observed changes in hemodynamics 
and wall motion during the second pacing period were 
an effect of isradipine and not related to repeated pac- 
ing and contrast administration. After completion of the 
infusion, a 12-lead electrocardiogram, all hemodynamic 
variables and a digital subtraction left ventriculogram 
were again recorded. Atrial pacing was repeated in a 
manner identical to that of the first pacing period. 
When the same maximal heart rate was achieved, all 
variables were measured in a fashion identical to the 
control pacing measurements. Coronary angiography 
was performed after completion of the study protocol. 
Significant CAD was defined as the presence of >50% 
luminal diameter narrowing in any major epicardial 
vessel as determined by visual analysis of the coronary 
arteriograms. 

Digital subtraction methods and analysis: All left 
ventriculograms were acquired at end-inspiration in a 
30° right anterior oblique projection using digital sub- 
traction methods and nonionic contrast media (iohexol, 
10 to 16 cc). All studies were acquired at 30 frames/s 
directly into a 512 X 512 image matrix of a dedicated 
computer system (ADAC Laboratories, 4100C). Dur- 
ing pacing, left ventriculograms were recorded at the 
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peak heart rate to optimize the detection of ejection 
fraction and wall motion changes.? An R-wave gated 
mask was derived from the cardiac cycle before the ap- 
pearance of radiographic contrast and subtracted from 
the respective frames containing contrast. LV end-dia- 
stolic and end-systolic frames were selected visually and 
the outlines traced using a light pen. Premature and 
postpremature beats were not analyzed. LV volumes 
were calculated by the area-length method using a cali- 
brated grid.'° LV volumes and ejection fraction deter- 
mined by digital subtraction angiography in our labora- 
tory were compared with those derived by cineangiogra- 
phy in an independent group of 20 patients. LV volumes 
(r = 0.92, standard error of estimation = 14) and ejec- 
tion fraction (r = 0.91, standard error of estimation = 
0.03) correlated well with values obtained by cinean- 
giography. Furthermore, intraobserver variabilities for 
digital volumes and ejection fractions were 7.8 and 
8.7%, respectively and interobserver variabilities were 
9.7 and 7.7%, respectively. 

Regional wall motion analysis was performed using 
the center of mass method.'!.!? Briefly, a computer gen- 
erated end-diastolic center of mass was derived and 
used as a reference point. One hundred cords were 
drawn from the center of mass to the end-diastolic and 
end-systolic endocardial borders and the percent short- 
ening of each cord calculated. The average percent re- 
gional shortening for each of 5 segments (anterobasal, 
anterior, apical, inferior and inferobasal) was calcu- 
lated. 

Statistical methods: All values are expressed as the 
mean + 1 standard deviation. Differences within the 2 
treatment groups were evaluated by a repeated mea- 
sures analysis of variance followed by a Newman-Keuls 
test. An unpaired ź test was used to assess differences 
between treatment groups. 


RESULTS 

Patient population: There were no differences in 
age, incidence of previous infarction or number of coro- 
nary arteries narrowed between the placebo and isradi- 
pine groups. Furthermore, the baseline hemodynamic 
variables, LV volumes, ejection fraction and percent re- 
gional shortening were not different between the 2 
groups (Tables I, II and II). During pacing before drug 
administration, 3 of 8 placebo- and 12 of 16 isradipine- 
treated patients developed >1 mm of horizontal ST- 
segment depression; angina-like chest pain occurred in 
88 and 75% of the patients, respectively. After the re- 
spective drugs were given, there was an identical symp- 
tomatic and electrocardiographic response to pacing. 

Effects of atrial pacing in patients receiving place- 
bo: With the exception of LV end-diastolic pressure, 
which was slightly higher at baseline after placebo ad- 
ministration (16 + 6 vs 13 + 5 mm Hg, p <0.04), there 
were no differences in the baseline or pacing variables 
after placebo administration (Table I). Furthermore, 
changes in LV volumes during pacing were similar be- 
fore and after placebo administration (Table II). LV 
end-diastolic volume index and stroke volume index de- 
creased while end-systolic volume index did not change 


TABLE I Effects of Placebo or Isradipine on Left Ventricular Hemodynamics at Baseline and During Atrial Pacing 


Heart rate (beats/min) 
Placebo 
Isradipine 

Systolic blood pressure (mm Hg) 
Placebo 
Isradipine 

Diastolic blood pressure (mm Hg) 
Placebo 
Isradipine 


LV end-diastolic pressure (mm Hg)* 


Placebo 
Isradipine 

Positive dP/dt (mm Hg/s) 
Placebo 
Isradipine 

Negative dP/dt (mm Hg/s) 
Placebo 


Before Drug 


Baseline 


of 2:15 
68 + 11 


141 + 24 
139 +17 


68 +7 
68+ 8 


13:2'9 
Lk Ee 


1,491 + 193 
1,446 + 271 


2,003 + 342 


135+ 16 
135+ 10 


145 + 33 
146 + 22 


89+ 13 
87 +11 


21+6 
1846 


2,188 + 351 
2,127 + 451 


2,188 + 420 


p Value 


After Drug 


Baseline 


66 + 12 
84+ 11*t 


148 + 21 
102 + 13*t 


7345 
51 + 5*1 


16 + 6* 
17+ 5* 


1,414 + 191 
1,507 + 274 


1,918 + 298 


134+ 16 
13449 


143 + 34 
117+ 14*! 


89+ 12 
68 + 8*t 


20+ 6 
1847 


1,973 + 347 
2,214 + 373 


1,951 4419 


1,943 + 360 2,071 + 297 1,500 + 317*t 1,873 + 349* 


P values reflect the baseline to pacing comparisons within the respective groups; * p <0.05 vs the respective baseline or pacing value before drug; t p <0.05 vs the respective value 
in the placebo group; * pacing measurement obtained immediately after the termination of pacing. 
LV = left ventricular; NS = difference not significant. 


Isradipine 


TABLE II Effects of Placebo or Isradipine on Left Ventricular Volumes and Ejection Fraction at Baseline and During Atrial Pacing 


Before Drug After Drug 


Baseline Pacing p Value Baseline Pacing 


End-diastolic volume index (ml/m7?) 
Placebo 
Isradipine 

End-systolic volume index (mI /m°) 
Placebo 
Isradipine 

Stroke volume index (ml/m?) 
Placebo 
Isradipine 


52418 
59+ 18 


20+ 11 
22+ 10 


32+8 
37 +11 


39413 
40+ 12 


1949 
19+8 


21-45 
23+ 10 


<0.02 
<0.001 


NS 
NS 


<0.005 
<0.0001 


52+ 16 
62+ 21 


19+ 10 
17+8 


33's; 7 
444 15* 


37 +13 
43412 


18+ 10 
16 + 6* 


1945 
28 + 10t 


<0.0008 
<0.0001 


NS 
NS 


<0.002 
<0.0001 


LV ejection fraction 
Placebo 
Isradipine 


0.64 + 0.10 0.57 +0.15 NS 0.65 + 0.10 0:54 + 0.13 <0.025 
0.64 + 0.07 0.53. 0.12 <0.0003 0.71 + 0.09* 0.64 + 0.10*t <0.006 
P values reflect the baseline to pacing comparisons within respective groups; * p <0.05 vs the respective baseline or pacing value before drug; t p <0.05 vs the respective value in 


the placebo group. 
Abbreviations as in Table |. 


TABLE III Effects of Placebo or Isradipine on Percent Regional Shortening at Baseline and During Atrial Pacing 


Before Drug (%) After Drug (%) 


Baseline Baseline Pacing 


Anterobasal 
Placebo 
Isradipine 

Anterolateral 
Placebo 
Isradipine 

Apical 
Placebo 
Isradipine 

Inferior 
Placebo 
Isradipine 

Inferobasal 
Placebo 
Isradipine 


P values reflect the baseline to pacing comparisons within the respective groups; ¥ 


in the placebo group. 





during both pacing periods. Before placebo administra- 
tion, the change in LV ejection fraction during pacing 
was not significant (0.64 + 0.10 to 0.57 + 0.15, differ- 
ence not significant) whereas after placebo administra- 
tion it was (0.65 + 0.10 to 0.54 + 0.13, p <0.025). 

The effects of pacing on percent regional shortening 
of the LV before and after placebo are listed in Table 
III. Before placebo administration, no segment demon- 
strated a significant decrease in percent regional short- 
ening. During the pacing period after placebo, the 
anterobasal segment showed a significant decrease in 
regional shortening (34 + 6 to 23 + 10%, p <0.02) 
while changes in the other regions were not different 
compared with the pacing period before placebo. 

Effects of atrial pacing in patients receiving isradi- 
pine: Although a similar heart rate was achieved during 
pacing before and after isradipine, the baseline heart 
rate was greater after isradipine (Table I). Isradipine 
lowered systolic and diastolic blood pressure both at 
baseline and during pacing. Before isradipine, LV end- 
diastolic pressure increased in the immediate postpacing 
period (13 + 5 to 18 + 6 mm Hg, p <0.03). After 
isradipine, baseline LV end-diastolic pressure was high- 
er (17 + 5 mm Hg, p <0.05) and did not increase when 
pacing was terminated (18 + 7 mm Hg). The effects of 
isradipine and pacing on peak positive and negative dP/ 
dt are listed in Table I. 

The effects of atrial pacing on LV volumes and ejec- 
tion fractions are listed in Table II. LV end-diastolic 
volume index decreased in a similar fashion during pac- 
ing both before and after isradipine. There was no 
change in LV end-systolic volume index during pacing 
either before or after isradipine, but end-systolic vol- 
umes during pacing were smaller after isradipine. There 
was a decrease in stroke volume index during pacing 
both before and after isradipine, administration; how- 
ever, the baseline stroke volume index was greater after 
isradipine. LV ejection fraction decreased during pacing 
before (0.64 + 0.07 to 0.53 + 0.12, p <0.0003) and 
after isradipine (0.7.1 + 0.09 to 0.64 + 0.10, p <0.006), 
but after isradipine both the baseline and pacing values 
were greater than the respective values before the drug 
was given. 

During the pacing period before isradipine, percent 
regional shortening declined significantly in 4 of the 5 
segments (Table III). After isradipine was given, re- 
gional percent shortening declined by only 2 segments. 
At peak pacing, percent regional shortening was greater 
in the anterolateral, apical, inferior and inferobasal seg- 
ments after isradipine. 

Comparison of the effects of atrial pacing in the 
placebo and isradipine groups: Before either drug was 
given, similar changes in hemodynamics and LV vol- 
umes were detected during pacing among the placebo 
and isradipine groups with 1 exception (Tables I and 
II). In the placebo group, LV ejection fraction did not 
change during the initial pacing period. It decreased 
during pacing in the isradipine group. Changes in per- 
cent regional shortening before drug administration re- 
flected the observed changes in ejection fraction; there 
were no changes during pacing in the placebo group 
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while there was a decrease in 4 of the 5 segments in the 
isradipine group (Table III). 

After drug administration, baseline heart rate was 
higher while systolic and diastolic blood pressures both 
at baseline and during pacing were lower in the isradi- 
pine group. Although LV end-diastolic pressure was 
higher at baseline after drug administration, there 
was no difference between the placebo and isradipine 
groups. Peak pacing LV stroke volume index and ejec- 
tion fraction were higher in the isradipine-treated pa- 
tients after drug administration compared with the pla- 
cebo patients (Table II). Finally, compared with the 
placebo patients, percent regional shortening was higher 
in the anterolateral and inferobasal segments at peak 
pacing in those receiving isradipine (Table III). 


DISCUSSION 

Isradipine is a new dihydropyridine calcium antago- 
nist that may be administered intravenously. Animal in- 
vestigations have shown that isradipine has minimal 
negative inotropic effects on normal myocardium and 
potent effects as a vasodilator. It also inhibits sinus node 
function with little effect on atrioventricular conduction, 
a property that is rather unique among calcium antago- 
nists.>67-1!3 In human studies, isradipine causes similar 
changes; peripheral vasodilation occurs as reflected by a 
decrease in systemic vascular resistance and increase in 
cardiac output.'* The effects on heart rate are variable 
and seem to depend on the rate of administration and 
underlying cardiac diagnosis.'>* Isradipine also may 
have less negative inotropic effect compared with other 
calcium antagonists. Peak positive dP/dt and LV ejec- 
tion fraction both increase when isradipine is given. 
However, because of the simultaneous changes in after- 
load and preload induced by isradipine, it is impossible 
to conclude that these changes represent a direct posi- 
tive inotropic effect.'* In contrast, when nifedipine is 
given alone, peak positive dP/dt does not increase de- 
spite an increase in heart rate and decrease in systemic 
vascular resistance indicating a negative inotropic effect 
of nifedipine.*:'4 Initial studies in patients with CAD 
suggest that oral isradipine decreases anginal frequency 
and ST depression during exercise treadmill testing.* 
These clinical findings are supported by the invasive 
findings in the present study that show that intravenous 
isradipine diminishes abnormalities of systolic perfor- 
mance that occur during atrial pacing in patients with 
CAD. 

Alterations during ischemia induced by atrial pac- 
ing: Atrial pacing may not cause the same degree of 
myocardial ischemia as exercise stress testing at the 
same heart rate, but the alterations in hemodynamics 
and LV systolic performance caused by atrial pacing 
are well-described.!>-'® LV end-diastolic volume de- 
creases during atrial pacing in patients with and without 
CAD. When atrial pacing causes myocardial ischemia, 
LV end-systolic volume does not change, ejection frac- 
tion decreases and new wall motion abnormalities are 
frequently detected.'® Conversely, in the absence of 
pacing-induced ischemia, LV end-systolic volume de- 
creases, ejection fraction either increases or is 


unchanged and wall motion abnormalities are usually 
not observed.!? Increases in LV end-diastolic pressure 
>5 mm Hg in the immediate postpacing period, trans- 
myocardial lactate production and electrocardiographic 
changes all may occur during atrial pacing in patients 
with CAD, but are not invariable findings.?? In our 2 
patient groups, similar changes in hemodynamics oc- 
curred during the pacing periods before isradipine or 
placebo were administered. However, changes in several 
of the variables indicate that patients in the isradipine 
group may have been more prone to develop ischemia 
during atrial pacing despite an identical double product. 
During pacing, more patients in the isradipine group 
had electrocardiographic changes and there was a sig- 
nificant decrease in ejection fraction and percent region- 
al shortening compared with the placebo group. 

Effect of isradipine during atrial pacing: Isradipine 
caused several changes in LV performance both at base- 
line and during pacing. Consistent with its effects as a 
potent vasodilator, there was an increase in heart rate, 
stroke volume, ejection fraction and percent regional 
shortening as well as a decline in end-systolic volume 
and both systolic and diastolic blood pressure at base- 
line after isradipine. LV end-diastolic pressure was 
higher at baseline after isradipine, but also was higher 
in the placebo-treated patients. The presence of this 
finding in both groups indicates that it may have been 
related to the lingering effects of ischemia on diastolic 
function after the first pacing period or a mild residual 
depression of diastolic performance by the radiographic 
contrast agent.2!:2 Previous investigations have not con- 
sistently demonstrated a change in LV end-diastolic 
pressure after isradipine administration.'* An alterna- 
tive explanation for the increase in LV end-diastolic 
pressure after isradipine would be that the reflex tachy- 
cardia and vasodilation produced by isradipine in- 
creased oxygen demands and reduced coronary perfu- 
sion pressure distal to a critical stenosis thereby provok- 
ing myocardial ischemia. However, the increase in LV 
end-diastolic pressure in the placebo group after the 
control pacing period makes this explanation unlikely. 
A direct depressant effect of isradipine on LV diastolic 
function seems unlikely since other calcium antagonists 
of this type generally improve LV relaxation.”>* The 
lower peak negative dP/dt at baseline after isradipine in 
comparison with the placebo group may be a subtle 
manifestation of residual ischemia after the first pacing 
period since there is evidence that patients in the isradi- 
pine group were more prone to develop ischemia during 
the first pacing period.>.76 

During the pacing period after isradipine, an identi- 
cal heart rate was achieved, although both systolic and 
diastolic blood pressures were lower compared with the 
pacing period before drug. LV end-systolic volume was 
smaller with the same end-diastolic volume, thus ejec- 
tion fraction was greater. Whereas regional percent 
shortening decreased significantly in 4 of 5 segments be- 
fore isradipine, a significant decrease was observed in 
only 2 segments after isradipine. One possible explana- 
tion for the higher ejection fraction and improved re- 
gional shortening during pacing after isradipine is relat- 


ed to the lowering of the systolic pressure by isradipine. 
Since the double product was lower after isradipine, 
there may have been less ischemia produced, and thus 
LV ejection fraction and percent regional shortening 
were less impaired. With the methods used in this study, 
it is not possible to determine if isradipine had other 
favorable effects, such as improved coronary collateral 
flow, which may have partially alleviated the effects of 
ischemia on the left ventricle. Furthermore, the vasodi- 
lating effects of isradipine may have caused a reflex in- 
crease in LV contractility by enhancing sympathetic 
tone, thus partly masking the effects of ischemia and 
any direct negative inotropic effects of the drug. Al- 
though it was not possible to quantify the direct inotro- 
pic effects of isradipine in this study, a significant 
depressive effect on myocardial contractility seems un- 
likely. 

Limitations: Although small volumes of nonionic 
contrast agents were used for the digital subtraction 
studies, the performance of multiple ventriculograms 
and lingering effects of myocardial ischemia from the 
first pacing period could adversely alter LV function 
during the second pacing period. Therefore, the inclu- 
sion of a placebo group in this study was especially im- 
portant. With the exception of a persistently elevated 
LV end-diastolic pressure, all hemodynamic and func- 
tional measurements in the placebo group returned to 
their baseline value after the initial pacing period. Only 
2 of the numerous variables measured—LV ejection 
fraction and percent regional shortening in the antero- 
basal segment—showed a worse response in the placebo 
group during the second pacing period. These observa- 
tions support the conclusion that the changes noted in 
the isradipine group were related to the drug rather 
than the methods used. 

Despite a lower double product after isradipine, the 
frequency of chest pain during pacing was not reduced. 
This may represent a limitation of atrial pacing as a 
form of stress rather than a lack of drug effect. Al- 
though some previous studies have suggested that chest 
pain during atrial pacing is a highly specific and sensi- 
tive marker of underlying CAD and ischemia, others° 
have shown that it is an unreliable indicator of ischemia 
occurring in 40% of patients without CAD or scinti- 
graphic evidence of ischemia. 

Clinical implications: The acute effects of intrave- 
nous isradipine demonstrated in this study suggest that 
it may be an effective agent for the treatment of pa- 
tients with hypertension or exercise-induced myocardial 
ischemia. However, the response to long-term oral ther- 
apy will need further examination since it may differ 
from the acute hemodynamic effects demonstrated in 
this study. The demonstrated effects of isradipine as a 
vasodilator with limited negative inotropic properties 
suggest that it may be a beneficial drug in patients with 
depressed LV function. This is supported by initial stud- 
ies in patients with congestive heart failure.” However, 
the effects of isradipine during rapid atrial pacing in 
this study were observed in a selected group of patients 
with normal LV ejection fractions. Whether similar ef- 
fects will occur during periods of increased myocardial 
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oxygen demand in patients with depressed LV function 
must be determined. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Value of a Revised Procainamide Test 
in the Wolff-Parkinson-White Syndrome 


K. Atta Boahene, MD, George J. Klein, MD, Arjun D. Sharma, MD, Raymond Yee, MD, 
and Osamu Fujimura, MD 


A shortest preexcited RR interval <250 ms during 
atrial fibrillation identifies the patient with Wolff- 
Parkinson-White syndrome potentially at risk for 
ventricular fibrillation. Loss of preexcitation after 
infusion of up to 10 mg/kg of procainamide during 
sinus rhythm has been reported to correlate with a 
slow ventricular response during atrial fibrillation 
and has been proposed as a noninvasive test to es- 
tablish risk of sudden death in these patients. Oth- 
ers have failed to establish this relation and have 
questioned the usefulness of the procainamide test. 
Such conflicting results were hypothesized to be a 
result of differing dosages and methodology. Con- 
sequently, this study tested the effect of incremen- 
tal doses of procainamide (to a cumulative dose of 
1 g) on the anterograde effective refractory period 
of the accessory pathway and related the reliability 
of the procainamide test to the dose at which 
preexcitation was lost. The effect of procainamide 
on the anterograde effective refractory period of 
the accessory pathway was dose dependent; 
patients who lost preexcitation had a steeper 
dose-response curve. Loss of preexcitation by a 
cumulative dose of 550 mg provided the best bal- 
ance for sensitivity (60%) and specificity (89%) in 
identifying patients with preexcited shortest RR 
>250 ms. Specificity fell steeply after this dosage 
and higher doses were not useful. The diagnostic 
accuracy of the procainamide test is critically 
related to dosage and method of infusion. 

(Am J Cardiol 1990;65:195-—200) 
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udden death in the Wolff-Parkinson-White 
S (WPW) syndrome is generally preceded by atrial 

fibrillation with a rapid ventricular response over 
the accessory pathway.!~* The risk of sudden death cor- 
relates best with shortest RR interval between 2 consec- 
utive preexcited cycles in atrial fibrillation <250 ms, 
and attempts have been made to approximate this infor- 
mation noninvasively in patients with WPW.>-’ Wellens 
et alô originally observed that intravenous procainamide 
(up to 10 mg/kg) infused during sinus rhythm blocked 
anterograde conduction over the accessory pathway 
when the effective refractory period was >270 ms. Not- 
ing a strong relation between effective refractory period 
and the ventricular rate during atrial fibrillation, Wel- 
lens and Durrer® extrapolated results to predict a long 
shortest RR and low risk of sudden death in the event of 
atrial fibrillation. Using higher procainamide dosages, 
Fananapazir et al? obtained different results and con- 
cluded that the procainamide test is nonspecific and un- 
reliable. We hypothesized that such conflicting results 
were the result of differences in methodology and that 
the effect of procainamide is dose related. We evaluated 
the accuracy of predicting shortest RR >250 ms by loss 
of anterograde conduction over the accessory pathway 
after incremental doses of procainamide infused during 
sinus rhythm. 


METHODS 

Patients: Thirty-three consecutive patients referred 
for electrophysiologic study for symptomatic arrhyth- 
mias associated with the WPW syndrome were evaluat- 
ed. Symptoms included palpitations, syncope and pre- 
syncope but no patient had documented ventricular fi- 
brillation. There were 23 men and 10 women, aged 15 
to 67 years (mean 32). No patient had associated cardi- 
ac disease as assessed by routine chest x-rays, echocar- 
diogram and angiography when indicated. 

Electrophysiology study: All patients underwent 
electrophysiology studies in the nonsedated, postabsorp- 
tive state after informed consent had been obtained. 
Antiarrhythmic agents were discontinued at least 5 
half-lives before testing. The method of study for pa- 
tients with preexcitation in our laboratory has been de- 
scribed.'° Briefly, multipolar catheters were positioned 
in the coronary sinus, high right atrium, right ventricu- 
lar apex and across the tricuspid valve for His bundle 
recording. Programmed atrial and ventricular stimula- 
tion was performed at 2 cycle lengths (generally 600 
and 400 ms) at twice diastolic threshold with a rectan- 
gular pulse of 2 ms duration. Incremental atrial pacing 
was performed until atrioventricular block occurred and 
incremental ventricular pacing was performed to ven- 
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triculoatrial block or to a cycle length of 250 ms. Acces- 
sory pathway location was determined by atrial map- 
ping during reciprocating tachycardia in all patients and 
confirmed intraoperatively in 16 (48%) patients. As part 
of the study, atrial fibrillation was routinely induced by 
rapid atrial pacing (cycle length 50 to 200 ms) if it did 
not occur during the study. 

Procainamide infusion: After control data were ob- 
tained, atrial fibrillation was induced and the shortest 
RR interval between 2 consecutive preexcited beats 
(shortest RR) was determined. After termination of 
atrial fibrillation, procainamide was infused incremen- 
tally with doses of 50, 100, 200, 400 and 250 mg every 
10 minutes until a cumulative dose of 1 g or loss of 
preexcitation was achieved. The doses were given over 1 
to 2 minutes in the supine position, except for the 400 
mg dose, which was given over 3 to 4 minutes. Five 
surface electrocardiographic leads (I, II, IHI, Vi, Ve) 
were recorded continuously throughout. At the halfway 
point between doses, sinus cycle length and blood pres- 
sure were measured, a full 12-lead electrocardiogram 
was recorded and procainamide blood level was ob- 
tained. In addition, the anterograde effective refractory 
period of the accessory pathway was also determined at 
a cycle length 400 or 600 ms using steps identical to the 
control study. The same drive cycle length was used 
throughout an individual protocol. These measurements 


AVF 


cumulative dose of 550 mg. 
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were all done with the patient in the supine position 
without manipulation of the intracardiac electrode cath- 
eters. 

Statistical analysis: The Spearman rank test was 
used to determine the correlation between 2 variables, 
and the Student’s ¢ test was used to find significance 
between 2 groups. Analysis of the serial changes in ef- 
fective refractory period after each dose of procain- 
amide was done with analysis of variance for repeated 
measures, and the significance was determined by Tu- 
key’s test. Statistical significance was present when p 
was <0.05. All data are expressed as mean + standard 
deviation. 


RESULTS 

The test was completed to a satisfactory endpoint in 
28 patients. Five patients were excluded, 3 because of 
subtle preexcitation in sinus rhythm making subsequent 
assessment of preexcitation loss impossible. The fourth 
patient developed marked sinus bradycardia after a cu- 
mulative dose of 750 mg procainamide requiring atrial 
pacing for 10 minutes, and the fifth was excluded be- 
cause of sustained atrial fibrillation that did not revert 
to sinus rhythm spontaneously. Otherwise there were no 
complications with no significant change in sinus cycle 
length (702 vs 683 ms) and a small decrease in mean 
arterial blood pressure (93 vs 87 mm, p = 0.001) af- 
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ter procainamide. Accessory pathways were distributed 
among all locations. There were 20 left parietal and 4 
right parietal pathways. There were 2 anteroseptal and 
9 posteroseptal pathways. Two patients had multiple 
pathways. 

Effects of incremental doses of procainamide on the 
electrocardiogram: Patients generally lost preexcitation 
abruptly (Figure 1) or retained preexcitation. Occasion- 
ally, preexcitation became less evident but obviously did 
not disappear when seen in multiple leads. When preex- 
citation was subtle, gradual changes were not discern- 
ible even with multiple leads and determination of 
preexcitation loss was impossible (Figure 2). 

Relation between effective refractory period and 
the shortest preexcited RR interval in atrial fibrillation: 
In agreement with previous studies,**” we found a sig- 
nificant correlation between baseline effective refractory 
period and shortest RR during induced atrial fibrillation 
(Figure 3). However, the correlation was not strong (r 
= 0.6) and individual predictions of shortest RR from 
effective refractory period were not reliable. In 11 pa- 
tients with shortest RR <250 ms, 5 (46%) had effective 
refractory period >270 ms. In 17 patients with shortest 
RR >250 ms, however, 15 (88%) had effective refracto- 
ry period >270 ms. 

Loss or persistence of preexcitation after procain- 
amide: Nine patients had persistent preexcitation after 


a cumulative dose of 1 g of procainamide, while 19 pa- 
tients lost preexcitation. Patients with persistent pre- 
excitation had similar initial effective refractory periods 
compared to those retaining preexcitation (269 + 45 vs 
288 + 36 ms, difference not significant), but shorter 
minimum RR during induced atrial fibrillation (224 + 
51 vs 300 + 90 ms, p = 0.03). Those who retained 
preexcitation received higher doses of procainamide (1 g 
vs 513 + 265 mg) and had higher serum levels of pro- 
cainamide (47 + 11 wm /liter vs 30 + 17, p = 0.001) 
than those losing preexcitation. Although loss of preex- 
citation generally occurred with drug levels in the thera- 
peutic range (17 to 42.5 wm/liter), this was not always 
the case. Thirty percent of patients requiring only low 
doses of procainamide (<550 mg) to abolish preexcita- 
tion had subtherapeutic drug serum levels. 

Effect of incremental doses of procainamide on the 
effective refractory period: Effective refractory period 
increased after procainamide in all patients regardless 
of the initial effective refractory period. Furthermore, 
persistent preexcitation did not preclude statistically sig- 
nificant dose-related increases in effective refractory pe- 
riod. In the 9 patients with persistent preexcitation after 
1 g of procainamide, mean effective refractory period 
increased from 269 + 45 to 329 + 99 ms (p = 0.002) 
(Figure 4). However, when analysis of variance was ap- 
plied to the dose-response curve, there was an almost 
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TABLE I Comparison of Patients Losing Preexcitation with 
Doses up to 550 mg (Group A) to those Retaining 
Preexcitation (Group B) 


Serum 
Dose of Procainamide 
Procainamide Concentration 
SRR (ms) ERP (ms) (mg) (um /liter) 


Group A 325498 2944152 3654152 22+11 
(n= 13) 
Group B 
(n= 15) 
P value 0.003 NS 0.001 0.001 
Data are mean + standard deviation. 
ERP = anterograde effective refractory period of the accessory pathway; NS = 


difference not significant; SRR = shortest preexcited RR interval during induced atrial 
fibrillation. 


232445 271436 9334114 47+11 


imperceptible slope at low doses with statistical signifi- 
cance present only at a dose of 1 g (p <0.05). 

To gain further insight into the action of procain- 
amide on the effective refractory period, we divided our 
patients into those who lost preexcitation at doses <550 
mg (group A, n = 13) and those with persistent preexci- 
tation after 550 mg (group B, n = 15) (Figure 5, Table 
I). We then analyzed each group by using analysis of 
variance for repeated measures and testing significance 
by Tukey’s test. A dose of 550 mg was selected because 
it provided the optimum balance between sensitivity and 
specificity for the test (Table II). 


y=|.58x-I68 
r =0.6 
p=0.001| 


ERP (ms) 


FIGURE 3. Correlation between shortest RR and effective 
refractory period in all patients studied. There is a direct 
correlation between shortest RR and baseline effective 
refractory period. ERP = anterograde effective refractory 
period of the accessory pathway; SRR = shortest RR interval 
between 2 preexcited beats during atrial fibrillation. 
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TABLE Il Ability of Procainamide to Identify Shortest 
Preexcited RR Interval >250 ms by Normalization of QRS 
During Sinus Rhythm 


Positive Negative 
Predictive Predictive 
Value (%) Value (%) 


Cumulative Sensitivity Specifity 


Dose (mg) 


True positive = loss of preexcitation with shortest RR >250 ms; true negative = 
persistence of preexcitation with shortest RR <250 ms; sensitivity = true positive / 
(true positive + false positive); specificity = true negative/(true negative + false 
positive); positive predictive value = true positive /(true positive + false positive); 
negative predictive value = true negative /(true negative + false negative). 


Group A patients had a steep dose-response curve, 
with the increase in effective refractory period statisti- 
cally significant by a cumulative dose of 150 mg pro- 
cainamide (p <0.05). Those in group B had a slower 
rate of change of effective refractory period with no sta- 
tistically significant increase in effective refractory peri- 
od until a cumulative dose of 750 mg. Since the initial 
effective refractory periods were similar in group A and 
B (294 vs 270, difference not significant), the steepness 
of the dose-response curve was the main differentiating 
factor between patients losing and retaining preexcita- 


O 1507.1300 500 TOO 
CUMULATIVE DOSE (mg) 





FIGURE 4. Change of effective refractory period after pro- 
cainamide in 9 patients not losing preexcitation. There is a 
gradual increase in effective refractory period with dose but 
statistical significance is achieved only at a dose of 1,000 mg. 


tion. Patients losing preexcitation with a dose <550 mg 
(group A) had longer shortest RR (325 + 98 vs 232 + 
45 ms) (Table I) and had lower serum procainamide 
levels (22 + 11 vs 47 + 11 um/liter) than those in 
group B (Table I). Patients with shorter shortest RR 
required higher a cumulative dose of procainamide to 
abolish preexcitation in sinus rhythm (p = 0.03, n = 19) 
(Figure 6). 

The ability of the procainamide test to predict short- 
est RR >250 ms was dose dependent. Increasing pro- 
cainamide dosage improves sensitivity at the expense of 
specificity (Table II). 


DISCUSSION 

Because the risk of sudden death in patients with the 
WPW syndrome is related to the development of very 
rapid heart rates during atrial fibrillation, a noninvasive 
test would help stratify patients according to ventricular 
response during atrial fibrillation. Wellens et al® ob- 
served that class 1 antiarrhythmic drugs had a relatively 
greater effect on accessory pathways with long versus 
short effective refractory periods. They observed that in- 
fusion of procainamide (up to 10 mg/kg) during sinus 
rhythm generally resulted in loss of preexcitation when 
the baseline effective refractory period was >270 ms 
and proposed this as a means of dividing patients with 
the WPW syndrome into high and low risk groups for 
developing sudden death. Fananapazir et al? subse- 
quently reevaluated the procainamide test using differ- 
ent methodology and concluded that the effective re- 
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FIGURE 5. Rate of change of effective refractory period with 
cumulative doses of procainamide in group A (n = 13) and 
group B (n = 15). Group A = patients losing preexcitation by 
550 mg of procainamide; group B = patients retaining pre- 
excitation by same dose. 





fractory period was an unreliable predictor of minimum 
preexcited RR interval during atrial fibrillation and 
that the procainamide test was neither sensitive nor spe- 
cific. 

Our findings suggest that the differences in these 
studies are related to methodology. Our major observa- 
tion is that the sensitivity and specificity of the procain- 
amide test is critically related to the dose of procain- 
amide with a good balance between sensitivity and 
specificity at a cumulative dose of <550 mg. The pa- 
tient losing preexcitation at that dose tends to have a 
longer initial effective refractory period but is chiefly 
distinguished by having a steeper dose-response curve 
that relates dose to effective anterograde refractory pe- 
riod of the accessory pathway with procainamide. A 
very steep dose-response curve correlates with a slow 
ventricular response during atrial fibrillation and hence 
loss of preexcitation at a low dose is relatively specific in 
identifying the patient with a long shortest RR. How- 
ever, failure to lose preexcitation at a low dose does not 
preclude the presence of a slow ventricular response 
and, conversely, loss of preexcitation at high doses can 
occur with any group. 

In agreement with others, we found a significant 
correlation between shortest RR and effective refracto- 
ry period.48? Despite this, individual predictions of 
shortest RR from effective refractory period were fre- 
quently very misleading because of scatter and weak 
correlation. Sharma et al!! observed that the deviations 
between shortest RR and effective refractory period 


= -0.14x +374 
= -0.42 
p=0.03 
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FIGURE 6. Correlation between shortest RR and cumulative 
dose of procainamide required to abolish preexcitation in sinus 
rhythm. Shortest RR = 250 ms, shown as the dotted line. Pa- 
tients with shorter shortest RR initially require higher doses 
of procainamide to abolish preexcitation. 
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were dependent on the initial shortest RR. The shortest 
RR was overestimated by the effective refractory period 
when the shortest RR was short and underestimated 
when shortest RR was long. 

Our data support the view that procainamide and 
probably other class 1 antiarrhythmic agents may be 
useful in identifying a patient with the WPW syndrome 
at low risk for ventricular fibrillation. Any such test will 
require a careful consideration of the dose-response re- 
lation between the drug and the effect on anterograde 
accessory pathway properties. The procainamide test 
has several limitations, which will probably be common 
to any pharmacologic test used for the same purpose. It 
will not be useful in patients in whom a relatively low 
dose of procainamide does not cause loss of preexcita- 
tion. Patients with minimal preexcitation on the sur- 
face electrocardiogram may be impossible to evaluate; 
abrupt loss of preexcitation with an antiarrhythmic 
drug is easier to judge in the patient with a greater de- 
gree of preexcitation. Finally, adverse reactions to pro- 
cainamide including bradycardia and hypotension may 
occur. We, however, did not observe any at doses <550 
mg, which, in fact, were the most useful dosages. 
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Value of Programmed Ventricular Stimulation 
in the Evaluation and Management of Patients 
with Nonsustained Ventricular Tachycardia 
Associated with Coronary Artery Disease 


Antonis S. Manolis, MD, and N.A. Mark Estes, Ill, MD 


Programmed ventricular stimulation with up to 3 


extrastimuli at the right ventricular apex was per- 
formed in 52 patients with spontaneous nonsus- 
tained ventricular tachycardia (VT) associated with 
coronary artery disease. There were 44 men and 8 
women, aged 66 + 9 years (range 45 to 86). The 
mean left ventricular ejection fraction was 41 + 
14%. Nonsustained VT was asymptomatic in 10 
patients (19%), while the arrhythmia was detected 
during evaluation of palpitations in 5 patients 
(10%), presyncope in 11 (21%) and syncope in 26 
patients (50%). All patients were tested in the 
drug-free state and were classified as having no in- 
ducible arrhythmia (31 patients, group 1), or an in- 
ducible arrhythmia (21 patients, group Il). The age, 
gender, type of heart disease, symptoms and left 
ventricular ejection fraction were similar in both 
groups. Group | patients had a higher overall inci- 
dence of syncope. Group I patients received no 
therapy, while group Il patients received antiar- 
rhythmic therapy guided by electropharmacologic 
testing. At 21 + 17 months there was no sustained 
VT in either group. There were 3 deaths in group I 
patients, including 1 sudden, 1 nonsudden cardiac 
and 1 noncardiac death. In group Il patients 6 
deaths occurred including 4 nonsudden cardiac and 
2 noncardiac deaths. In patients with nonsustained 
VT and coronary artery disease undergoing pro- 
grammed ventricular stimulation, the incidence of 
significant arrhythmic events is low in those with- 
out therapy with no inducible arrhythmia, and in 
those with an inducible arrhythmia with therapy 
guided by electrophysiologic testing. 

(Am J Cardiol 1990;65:201-205) 
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the evaluation and therapy of patients with sus- 

tained ventricular tachycardia (VT) or ventricu- 
lar fibrillation has been established,!~° its role in pre- 
dicting clinical outcome and selecting appropriate anti- 
arrhythmic therapy in patients with nonsustained VT 
has not been adequately assessed.°’ The studies avail- 
able report inconclusive and contradictory results in pa- 
tients with nonsustained VT.*-'* This prospective study 
was performed to examine the value of programmed 
ventricular stimulation in assessing the inducibility of 
ventricular arrhythmias, guiding therapy and predicting 
the clinical outcome in patients with spontaneous non- 
sustained VT. 


A lthough the value of electrophysiologic testing in 


METHODS 

Patients: The study population comprised 52 consec- 
utive patients with coronary artery disease referred 
to the Cardiac Arrhythmia Service of this institution 
for electrophysiologic evaluation of spontaneous nonsus- 
tained VT from August 1983 through March 1989. 
There were 44 men and 8 women, aged 66 + 9 years 
(range 45 to 86). Thirty-one patients with noncoronary 
disease (n = 22) or no structural heart disease (n = 9) 
and clinical nonsustained VT who also had electrophysi- 
ologic studies during the same period were excluded 
from this study. The left ventricular ejection fraction, as 
measured with either contrast or radionuclide ventric- 
ulography or echocardiography in 46 patients, averaged 
41 + 14%. Nonsustained VT was asymptomatic and 
discovered in 10 (19%) patients during routine Holter 
monitoring performed late after infarction or for evalu- 
ation of premature ventricular beats found on routine 
electrocardiogram. The arrhythmia was detected during 
evaluation of palpitations in 5 patients (10%), presynco- 
pe in 11 (21%) and syncope in 26 patients (50%). In all 
patients nonsustained VT occurred in the absence of 
acute or recent (<1 month) myocardial infarction, anti- 
arrhythmic therapy, long QT syndrome or electrolyte 
abnormalities. 

Electrophysiologic study: The studies were per- 
formed in the nonsedated, postabsorptive state. All 
drugs with an antiarrhythmic effect had been discontin- 
ued for at least 5 half-lives before the study. Three 
quadripolar electrode catheters were introduced percu- 
taneously through the femoral vein and were positioned 
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TABLE I Comparison of Clinical Variables in Groups | and II 


Group | Group Il p Value 


Sex: M/F 26/5 18/3 
Age (yrs) 68+ 8 6449 
Symptoms (%) 25 (81) 17 (81) 
Syncope (%) 19 (61) 7 (33) 
Presyncope (%) 4 (13) 7 (33) 
Palpitations (%) 2 (6) 3 (14) 
LVEF (%) 42+14 40+ 14 


LVEF <35% (%) 8 (26) 6 (29) 
Follow-up (mos) 20 + 17 23418 
Occurrence of SuVT 0 0 
Total cardiac 2 (6) 4 (19) 
deaths (%) 
sudden deaths (%) 1 (3) 0 (0) 


LVEF = left ventricular ejection fraction; SuVT = sustained ventricular tachyardia. 


in the high right atrium, across the tricuspid valve (His 
bundle position) and the right ventricular apex under 
fluoroscopic guidance. Surface leads I, aVF and V; 
and intracardiac electrograms were simultaneously 
displayed on a multichannel recorder (Electronics for 
Medicine, VR-12). All data were stored on a magnetic 
tape for subsequent analysis and were retrieved on pho- 
tographic paper at speeds of 50 to 200 mm/s. Pro- 
grammed stimulation was performed with a constant 
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current stimulator (Medtronic, model 5328) with rect- 
angular pulses 2 ms in duration at 2 times diastolic 
threshold. 

Incremental atrial pacing was performed at 100 
beats/min or rates just above the sinus rate until atrio- 
ventricular block occurred. A single atrial extrastimulus 
was introduced in late diastole and moved earlier until 
atrial refractoriness was encountered at a pacing cycle 
length of 600 ms.!5 The ventricular stimulation proto- 
col! consisted of single and double extrastimuli during 
sinus rhythm and after 3 basic drive cycle lengths of 
600, 500 and 400 ms, and triple extrastimuli during si- 
nus rhythm at the right ventricular apex. After the 
baseline study the patients with an inducible ventricular 
arrhythmia underwent serial electropharmacologic test- 
ing to find an effective antiarrhythmic therapy that pre- 
vented VT induction. The endpoints of stimulation were 
the induction of a sustained ventricular arrhythmia, re- 
producible nonsustained VT or completion of the proto- 
col. During follow-up testing in patients with inducible 
sustained ventricular arrhythmia, programmed ventric- 
ular stimulation with up to triple extrastimuli after a 
pacing drive cycle length of 500 ms was performed. 

Definitions: Clinical nonsustained VT, detected on 
telemetry, electrocardiography or Holter monitoring, 
was defined as at least 3 spontaneous consecutive beats 


FIGURE 1. Life-table analysis with surviv- 
al curves for sudden deaths and total car- 
diac deaths in patient groups I and Il. No 
significant differences were noted between 
the 2 groups. 


EF >35% 
EF >35% 


FIGURE 2. Life-table analysis with surviv- 
al curves for sudden cardiac deaths and 
total cardiac deaths in patients with left 
ventricular ejection fraction (EF) of 235% 
and <35% . Significant difference in total 
cardiac death survival was noted between 
those with EF 235% (1 death) and those 
with EF <35% (5 deaths); p = 0.0010 by 
log-rank test or p = 0.013 by Wilcoxon 
test. 


at a rate >100 beats/min and lasting <30 seconds in 
the absence of hemodynamic compromise. Induced non- 
sustained VT during electrophysiologic testing was de- 
fined as at least 6 beats of VT reproducibly induced and 
terminating spontaneously within 30 seconds. Sustained 
VT was defined as VT lasting >30 seconds or requiring 
termination due to hemodynamic compromise. VT was 
considered noninducible if <6 beats were induced with 
the completion of the stimulation protocol. Significant 
or major clinical arrhythmic event after hospital dis- 
charge included sudden death occurring within 1 hour 
of onset of symptoms or sustained ventricular arrhyth- 
mia with or without syncope or cardiac arrest. 

Clinical follow-up: After hospital discharge the pa- 
tients were followed up at the Cardiac Arrhythmia 
Clinic or by their referring cardiologists or by telephone 
contact every 3 to 6 months during the first year and 
every 6 to 12 months thereafter. Most recent contact 
was made by telephone in April 1989; the patient’s cur- 
rent status and medications and history of any arrhyth- 
mic events were reviewed in detail. 

Analysis of data: The data are presented as mean + 
standard deviation. Statistical analysis was performed 
with 2-tailed ¢ test for quantitative data and with chi- 
square test or Fisher’s exact test for discrete variables. 
Survival probabilities were determined by the Kaplan- 
Meier method. Survival curves were compared with the 
log-rank and Wilcoxon tests. A p value <0.05 was con- 
sidered significant. 


RESULTS 

Electrophysiologic study: At baseline drug-free elec- 
trophysiologic study, 31 patients (60%) had no inducible 
ventricular arrhythmia (group I) and 21 patients (40%) 
had an inducible arrhythmia (group II). Sustained VT 
was induced in 6 patients (12%), ventricular flutter or 
fibrillation in 5 patients (10%) and reproducible nonsus- 
tained VT in 10 patients (19%) (monomorphic in 5 and 
polymorphic in 5). In 14 patients the ventricular ar- 
rhythmia was induced with double extrastimuli (during 
ventricular pacing in 11 and during sinus rhythm in 3 
patients), in 6 patients with triple extrastimuli and in 1 
patient with atrial pacing. Among the 6 patients who 
required triple extrastimuli for arrhythmia induction, 2 
had sustained VT induced, 3 had reproducible nonsus- 
tained VT (monomorphic in | and polymorphic in 2) 
and 1 had ventricular fibrillation induced. The cycle 
length of the induced VT (sustained or monomorphic 
nonsustained) was 247 + 61 ms (range 200 to 420). A 
sustained arrhythmia was induced in 5 of 26 patients 
(19%) with syncope, 0 of 5 patients (0%) with palpita- 
tions, 2 of 11 patients (18%) with presyncope and 4 of 
10 patients (40%) with no prior symptoms. 

Electropharmacologic testing and antiarrhythmic 
therapy: All group II patients with inducible ventricu- 
lar arrhythmia underwent electropharmacologic testing 
with 2.9 + 1.4 antiarrhythmic drugs during repeat elec- 
trophysiologic studies in an attempt to find effective 
therapy to prevent arrhythmia induction. This was suc- 
cessfully accomplished in 16 patients, while 5 patients 
who had sustained VT induced at electrophysiologic 
study and failed conventional drug testing were finally 


given amiodarone. Ten patients were discharged receiv- 
ing type Ia agents (5 quinidine, 1 procainamide, 2 diso- 
pyramide and 2 pirmenol), 2 receiving a combination of 
type Ia plus Ib (1 quinidine plus mexiletine and 1 pro- 
cainamide plus mexiletine) and 1 receiving a type Ib 
agent (mexiletine) and 3 a type Ic agent (encainide). 
All group I patients were discharged without antiar- 
rhythmic therapy. 

Comparison of clinical variables in groups I and Il: 
The age, gender, symptomatology and left ventricular 
ejection fraction are listed separately for the groups I 
and II in Table I. There were no significant differences 
between the 2 groups except for a higher prevalence of 
syncope in group I patients. 

Long-term follow-up: During long-term follow-up 2 
patients, 1 from each group, were lost to follow-up after 
14 and 8 months, respectively. Over a mean follow-up 
of 21 + 17 months, there was no documentation of 
spontaneous sustained VT but 9 deaths (17%) occurred. 
One (2%) was sudden, 5 (10%) were nonsudden cardiac 
(4 from heart failure and 1 from a myocardial infarc- 
tion) and 3 (6%) were noncardiac (1 from small 
bowel infarction and 2 from cerebrovascular accidents). 
Among group I patients, followed for 20 + 17 months, 
1 patient (3%) died suddenly, 1 died of cardiac failure 2 
days after coronary artery bypass surgery and | died of 
stroke. Among group II patients, followed for 23 + 18 
months, no sudden deaths occurred, but 4 nonsudden 
cardiac and 2 noncardiac deaths occurred. The left ven- 
tricular ejection fraction was lower (30 + 16%) in the 6 
patients who died from any cardiac causes compared 
with the ejection fraction of those who survived or died 
from noncardiac causes (43 + 13%) (p <0.05). Five of 
these 6 patients had an ejection fraction <35%. Survival 
curves with probability of freedom from sudden death 
and total cardiac death for groups I and II and those 
with ejection fraction 235% and <35% are shown sepa- 
rately in Figures 1 and 2. There were no differences 
between groups I and II, but a significant difference 
was noted in total cardiac death survival between those 
with ejection fraction 235% (1 death) and those with 
ejection fraction <35% (5 deaths) (p = 0.0010 by log- 
rank test or p = 0.0013 by Wilcoxon test). 

Among group I patients 3 had recurrence of syncope 
over 1.5 to 3 years but with no documented arrhythmia. 
The diagnosis of vasovagal syncope was made in 1 pa- 
tient and that of anxiety attacks with hyperventilation 
syndrome in another of these 3 patients. At 6 to 12 
months after hospital discharge, 2 patients were started 
by their physicians on antiarrhythmic therapy with ei- 
ther quinidine or encainide for asymptomatic ventricu- 
lar arrhythmias on Holter monitoring. One other pa- 
tient was treated with flecainide for paroxysmal atrial 
fibrillation. 

In 2 group II patients antiarrhythmic therapy had to 
be changed due to side effects from quinidine including 
fever, skin rash or elevation of liver enzymes. These 2 
patients were switched to either procainamide or encai- 
nide and underwent repeat electrophysiologic testing. 
Finally, 1 group II patient discontinued his antiarrhyth- 
mic drug, mexiletine, after 2 years; he eventually died of 
progressive heart failure. 
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DISCUSSION 

Spontaneous nonsustained VT serves as a marker of 
risk for sudden death in patients with acute myocardial 
infarction, dilated or hypertrophic cardiomyopathy or 
congestive heart failure,'’~?* while in other clinical set- 
tings it does not necessarily indicate the potential for 
development of sustained VT or sudden death.!? Al- 
though the utility of electrophysiologic studies in pa- 
tients with nonsustained VT needs to be defined,®’ 
stratification of risk for arrhythmic events by pro- 
grammed ventricular stimulation is possible in such 
patients.5-!423 The sensitivity and specificity of pro- 
grammed stimulation are lower in patients with nonsus- 
tained than sustained VT,”?5 and vary according to 
the population studied and the stimulation protocol 
used ,8:9:11,12,26 

In the present study of a homogenous group with 
spontaneous nonsustained VT associated with coronary 
artery disease, a ventricular arrhythmia was induced in 
21 of 52 patients (40%) (group II). These patients had 
clinical variables comparable with those of group I pa- 
tients who had no inducible arrhythmia. Group II pa- 
tients subsequently underwent serial electropharmaco- 
logic testing to determine effective antiarrhythmic ther- 
apy to suppress the inducible ventricular arrhythmia. 
This was achieved with conventional antiarrhythmic 
agents in 16 of 21 patients (76%) while 5 patients re- 
quired amiodarone therapy. During long-term follow-up 
both groups had a low incidence of major arrhythmic 
events (0 to 3% incidence of sudden death). However, 
the total cardiac mortality was higher in patients with 
inducible ventricular arrhythmia (19% in group II vs 6% 
in group I) and those with left ventricular dysfunction 
(36% in patients with ejection fraction <35% vs 3% in 
patients with ejection fraction 235%). 


Previous studies of patients with nonsustained VT 


have reported inducibility rates ranging from 34 to 
69%,!9-13,23 Induction of sustained VT is reported in 0 
to 21% of such patients. These rates are influenced by 
the presence and type of underlying structural heart dis- 
ease and the degree of left ventricular dysfunction.? Few 
studies have reported on the long-term follow-up of 
these patients,”:!°!2-!4.!7,23 and in even fewer studies was 
antiarrhythmic treatment guided by the results of elec- 
trophysiologic testing.?:!?:!4!723 Some of these studies 
showed a similar incidence of major clinical arrhythmic 
events in patients with and without inducible ventricular 
arrhythmias.?:!°!3 Other studies, however, have demon- 
strated that electrophysiologic testing can identify a 
low-risk subset of patients without inducible ventricular 
arrhythmias who have a favorable prognosis without 
antiarrhythmic therapy.!>!41723 In 1 study of patients 
with an inducible arrhythmia, more sudden deaths 
(44%) occurred in the group receiving empiric therapy 
than in the group receiving therapy guided by electro- 
physiologic studies (7%).'* An important clinical factor 
influencing cardiac mortality in these patients is the de- 
gree of left ventricular dysfunction. We confirmed this 
in the present study (Figure 2) but it is also shown in a 
number of previous reports.?:!3:!7:19.23 
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Our study confirms and further extends these obser- 
vations by demonstrating a favorable prognosis not only 
for untreated patients without inducible arrhythmia 
(group I), but also for patients with an inducible ar- 
rhythmia (group II) who receive antiarrhythmic thera- 
py guided by electrophysiologic testing. Failure of pre- 
vious studies to demonstrate comparable results in 
patients with antiarrhythmic therapy guided by electro- 
physiologic testing may be due to differences in stimula- 
tion protocols, lower response rates to antiarrhythmic 
drug therapy,!? difference in patient population,'’ or 
lack of adherence to recommended therapy.!? 
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CONGESTIVE HEART FAILURE 


Assessment of Hemodynamic Tolerance from a 
24-Hour Intravenous Infusion of Fenoldopam 
Mesylate in Congestive Heart Failure 
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To determine the maintenance of pharmacodynam- 
ic effects of fenoldopam mesylate, a dopamine-1 
agonist, the invasive hemodynamic profiles of 33 
patients with New York Heart Association function- 
al class Ill to IV congestive heart failure were ex- 
amined. Fenoldopam mesylate was initiated at 0.1 
ug/kg/min and titrated to a cardiac index 225% 
above baseline. Upon achievement of optimal he- 
modynamics, maintenance infusion was begun 
(mean dose 0.6 yg/kg/min). Fenoldopam mesylate 
(baseline vs maximal effect) decreased systemic 
vascular resistance by 37% (p <0.001), left ven- 
tricular filling pressure by 16% (p <0.05) and 
mean arterial pressure by 11% (p <0.05), with an 
associated augmentation in cardiac index and 
stroke volume index by 27% (p <0.001). Attenua- 
tion of hemodynamic effect (maximal effect vs time) 
was noted in cardiac index (14% p <0.001), sys- 
temic vascular resistance (13% p <0.05) and 
stroke volume index (13% p <0.05). None of the 
parameters exhibited complete attenuation to base- 
line values. Fenoldopam mesylate improves cardiac 
output and lowers systemic vascular resistance 
with relative attenuation of pharmacodynamic ef- 
fect during a 24-hour intravenous infusion. 

(Am J Cardiol 1990;65:206-210) 
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dvancing cardiac failure leads to a diminishing 
Asie output secondary to active vasoconstric- 
tion, increasing impedence to left ventricular 
outflow and limitation of vasodilation of both arteries 
and veins.! Neurohormonal activation of the sympathet- 
ic nervous system and renin-angiotensin system pro- 
duces increasing levels of circulating norepinephrine 
and angiotensin, inducing vasoconstriction. Increased 
vascular sodium retention and interstitial pressure result 
in increased vasoconstriction. Therefore, the develop- 
ment of a compound that could attenuate these neuro- 
hormonal mechanisms, increase free water and sodium 
clearance and augment cardiac output would be benefi- 
cial in patients with congestive heart failure (CHF). 
Fenoldopam mesylate (SK & F 82526J) is a syn- 
thetic postsynaptic dopaminergic receptor agonist,” pos- 
sessing potent renal?~4 and arteriolar vasodilating prop- 
erties.4> The renal vasodilatory dynamic alterations 
lead to increases in urine flow, fractional sodium excre- 
tion, creatinine and urea clearance and blunting of al- 
dosterone release. Augmentation of cardiac output, 
stroke volume and left ventricular ejection rate is associ- 
ated with reduction in total peripheral resistance.’* The 
agent has demonstrated, in intravenous and oral for- 
mulations, acute hemodynamic benefit (intravenous 6 
hours, oral 4 hours) in New York Heart Association 
functional class II to IV CHF patients, while being rela- 
tively well tolerated.’? Evidence of acute hemody- 
namic pharmacologic tolerance in CHF has been dem- 
onstrated in vasodilators.'? Intravenous fenoldopam me- 
sylate has exhibited sustained hemodynamic benefits for 
durations up to 6 hours. However, agents such as 
transdermal or intravenous nitroglycerin that maintain 
high serum concentrations for prolonged periods of time 
are associated with acute vascular tolerance.!!!? This 
study was designed to evaluate the maintenance of ben- 
eficial pharmacodynamic effects of intravenous fenoldo- 
pam over infusion durations of 24 hours. 


METHODS 

Patient selection: The trial group consisted of 23 
men and 10 women with CHF of at least 3 months’ 
duration. The age range was from 29 to 87 years (mean 
+ standard error of the mean 65 + 10). All 33 patients 
were classified as meeting the criteria for New York 
Heart Association functional class III or IV (signs and 
symptoms of peripheral or central congestion or both). 


The mean radionuclide ejection fraction of the popula- 
tion was 21% (range 9 to 36). The cause of CHF was 
ischemic heart disease in 26 and idiopathic dilated con- 
gestive cardiomyopathy (normal coronary angiogram 
without obvious reason for left ventricular dysfunction) 
in 7 patients. 

Written informed consent was obtained from each 
patient. The protocol was approved by each respective 
Institutional Review Board for Human Research. 

The study was an open-label, 24-hour infusion of 
fenoldopam mesylate. Patients were excluded on the ba- 
sis of pregnancy or lactation, primary obstructive valvu- 
lar heart disease, obstructive cardiomyopathy, constric- 
tive heart failure, primary pulmonary hypertension, 
myocardial infarction within 14 days before the study, 
cardiovascular event within the past 3 months or uncon- 
trolled significant ventricular or supraventricular ar- 
rhythmias. 

Hemodynamic measurements: After informed con- 
sent was obtained, right-sided heart catheterization was 
performed with a flow-directed, triple-lumen, balloon- 
tipped, thermodilution catheter positioned in the pulmo- 
nary artery in the standard fashion. The catheter was 
inserted 12 to 24 hours before the study day. The fol- 
lowing hemodynamic parameters were measured (with 
the pressure transducer located at the level of the right 
atrium): mean right atrial pressure, pulmonary artery 
and left ventricular filling pressure, from hard copy 
printouts. All pulmonary artery pressures were mea- 
sured at end-expiration. The post A wave, end-expirato- 
ry wedge pressure was monitored as the left ventricular 
filling pressure from hard copy printouts. Thermodilu- 
tion cardiac outputs were done in triplicate using a car- 
diac output bedside computer (Edwards model 9520A), 
with a chart recorder, to evaluate thermy]l curve integri- 
ty. Mean cardiac outputs varied by <10% (if the vari- 
ance was >10%, 5 consecutive determinations were av- 
eraged). Systemic pressures were measured by mercury 
column or by radial artery cannulation and measured 
continuously using the SpaceLabs PCMS bedside moni- 
tor. Mean pressures were determined by electronic inte- 
gration. The electrocardiogram was monitored continu- 
ously, and the heart rate was measured from the simul- 
taneous electrocardiogram signal. 

Derived hemodynamic variables were calculated as 
follows. Cardiac index (liters/min/m*) = cardiac out- 
put (liters/min)/body surface area (m7); stroke volume 
index (ml/m?) = cardiac index/heart rate (beats/min); 
systemic vascular resistance (dynes - s + cm~>) = 80 
(mean systemic arterial pressure [mm Hg] — mean 
right arterial pressure [mm Hg])/cardiac output; pul- 
monary vascular resistance (dynes - s - cm~°) = 80 
(mean pulmonary artery pressure [mm Hg] — pulmo- 
nary capillary wedge pressure [mm Hg])/cardiac out- 
put. 

Study chronology: The study was performed during 
a 3-day period in the cardiac care units of the respective 
institutions. On day 1 each patient underwent right-sid- 
ed heart catheterization and SMA-20, complete blood 
count with differential, digoxin level, urinalysis, chest x- 
ray and 12-lead electrocardiogram were obtained. The 


patient was allowed to stabilize after withdrawal of his 
routine medications. Digoxin and diuretics were main- 
tained at a constant level during the study period. Vaso- 
dilators including long-acting nitrates, angiotensin-con- 
verting enzyme inhibitors, calcium antagonists and 8 
blockers were discontinued 12 hours before fenoldopam 
infusion. On day 2, baseline hemodynamic measure- 
ments were obtained every 30 minutes for 1.5 hours 
with the patient in the recumbent, fasting state. Food 
was allowed approximately 4 hours after drug infusion 
had begun, and the timing of meals and snacks was 
monitored throughout the infusion period. Patients were 
not permitted to eat until the goal hemodynamic vari- 
ables had been obtained. 

Drug administration was initiated at 0.1 ug/kg/min 
and titrated at maximum increments of 0.2 ug/kg/min 
every 20 minutes. Paired blood pressure and heart rates 
were recorded every 5, 10 and 20 minutes after each 
dose adjustment. Cardiac hemodynamics were mea- 
sured every 20 minutes after a dose change. The goal of 
therapy was achievement of a cardiac output >25% 
above baseline. The development of significant tachy- 
cardia (>150 beats/min), hypotension (systolic blood 
pressure <70 mm Hg) or severe ventricular or atrial 
arrhythmias required reduction or termination of infu- 
sion dose. 

After optimal dose determination, the fenoldopam 
infusion was maintained at a constant level for a period 
of up to 22 hours after infusion start. Hemodynamic 
measurements were monitored every hour for 10 hours, 
then every 2 hours thereafter (mean arterial pressure, 
heart rate), every 2 hours until 10 hours, and then every 
4 hours (central venous pressure, pulmonary artery 
pressure, cardiac output). On day 3, the infusion was 
detitrated at 20% decrements every 20 minutes until 
terminated. Blood pressure and heart rate were moni- 
tored every 20 minutes and cardiac hemodynamics ob- 
tained every hour until the infusion was discontinued. 
The thermodilution catheter was then removed and pa- 
tients were observed in-hospital for 24 hours. 

Fenoldopam mesylate serum concentrations were 
measured at maximal effect (beginning of maintenance 
phase) and start of detitration phase, in a randomly se- 
lected subpopulation of 10 patients. For the purpose of 
comparison, they were treated in a similar way, and will 
be described separately. 

Data analysis: All values are expressed as mean + 
standard error of the mean. Statistical analysis involv- 
ing comparisons of control data with individual time 
points was accomplished by the use of the ¢ test for 
paired samples and the Bonferroni correction for multi- 
ple comparisons.'? Statistical significance was accepted 
at a p value <0.05/K, where K = the number of com- 
parisons performed. 


RESULTS 

Hemodynamic measurements: The infusion of 
fenoldopam mesylate (mean dose 0.6 ug/kg/min) in- 
creased cardiac index significantly from baseline (1.83 
+ 0.37) to a maximal value of 2.52 + 0.6 liters/min/ 
m?; this was a 27% increase (p <0.001) (Table I). A 
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TABLE I Hemodynamic Measurements of 24-Hour Infusion of Fenoldopam 


Parameter Baseline Maximum 2 Hours 


Cardiac index 
(liters /min /m?) 
Heart rate 
(beats /min) 
LVFP 
(mm Hg) 
Mean arterial pressure 
(mm Hg) 
Mean PAP 
(mm Hg) 
PVR 
(dynes - s -cm~°) 
RAP 
(mm Hg) 
Stroke volume index 
(liters /beat /m?) 
SVR 
(dynes - s -cm~°) 


1,263 


+305* +355 


* p <0.001; t p <0.05 (baseline vs time). 


4 Hours 


+432* 


8 Hours 16 Hours 20 Hours Detitration Term 


+479* 43757 +468* +428* 





LVFP = left ventricular filling pressure; PAP = pulmonary arterial pressure; PVR = pulmonary vascular resistance; RAP = right atrial pressure; SVR = systemic vascular resistance. 


significant improvement in cardiac index from baseline 
was maintained throughout the measurement period of 
24 hours. Concomitantly, stroke volume index increased 
from a baseline value of 22 + 6 to a maximum of 30 + 
9 ml/m? (p <0.001). The improvement in stroke vol- 
ume index remained significant for the period of the 
infusion compared to baseline. Systemic vascular resis- 
tance declined progressively from a control value of 
2,013 + 461 to a nadir of 1,263 + 305 dynes » s -cm™ 
(p <0.001). The significant decrease in systemic vascu- 
lar resistance persisted throughout the observation peri- 
od. Mean arterial pressure declined in concert with the 
systemic vascular resistance and exhibited a parallel sta- 
tistical significant reduction from baseline. Heart rate 
did not change significantly during fenoldopam infu- 
sion. Accordingly, the increase in cardiac index is attrib- 
utable to an increase in stroke volume. There was no 
rebound noted in systemic vascular resistance or mean 
arterial pressure with detitration or termination of the 
fenoldopam mesylate infusion. 

The elevated baseline left ventricular filling pressure 
(25 + 8) decreased to 21 + 8 mm Hg (p <0.001) 
at maximal effect and remained significantly reduced 
throughout the study period. Mean right arterial pres- 
sure exhibited no significant change during drug infu- 
sion. 

Pulmonary artery pressure and pulmonary vascular 
resistance decreased in a significant fashion from 37 + 
10 and 312 + 128 to 33 + 9 mm Hg (p <0.05) and 227 
+ 88 dynes - s - cm~> (p <0.001), respectively. Signifi- 
cant reductions in these pulmonary parameters were 
maintained until termination. 

Maintenance of hemodynamic effect: Attenuation 
of hemodynamic effect (maximum effect vs time) was 
initially noted at 2 hours (systemic vascular resistance), 
at 4 hours (cardiac index) and at 8 hours (stroke vol- 
ume index) (Figure 1). The attenuation nadir over the 
measurement period occurred at 16 hours for cardiac 
index (2.52 + 0.6 to 2.16 + 0.6 liters/min/m7, p <0.05) 
and stroke volume index (30 + 9 to 26 + 9 ml/m?, p 
<0.05), and at 20 hours for systemic vascular resistance 
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(1,263 + 305 to 1,555 + 468 dynes -s + cm~, p <0.05). 
These effects were continuous until the infusion termi- 
nation and were a universal finding across the study 
population. However, none of those parameters showed 
complete attenuation to baseline values. In contrast, 
heart rate, mean arterial pressure, right filling pressures 
and pulmonary pressures exhibited no attenuation of ef- 
fect until infusion termination. 

Pharmacodynamic subgroup: Fenoldopam mesylate 
serum concentrations were assayed in a randomly se- 
lected subset of 10 patients (Cleveland). The mean con- 
centrations were 33 (maximal effect) and 32 ng/ml 
(20-hour maintenance phase), respectively. Hemody- 
namically, a lower cardiac index (1.60 + 0.2 liters/ 
min/m2) and stroke volume index (18.8 + 4 liters/m7) 
were noted along with elevated filling pressures (left 
ventricular filling pressure 30 + 9 mm Hg) (right atrial 
pressure 10 + 5 mm Hg) in comparison to the entire 
population. Attenuation of hemodynamic effect was 
noted in cardiac index at 16 hours, stroke volume index 
at detitration and systemic vascular resistance at 16 
hours. As noted in the entire population, no attenuation 
was seen in heart rate, mean arterial pressure, right fill- 
ing pressures and pulmonary pressures among this sub- 
set. Additionally, no complete attenuation of effect was 
exhibited in this subgroup. 

Clinical observations: Three patients required pre- 
mature discontinuation of the infusion. Two patients ex- 
hibited increased biventricular filling pressures during 
dose escalation associated with sinus tachycardia in 1 
patient; hypotension and decreased cardiac output oc- 
curred in both patients. In 1 patient reflex tachycardia 
did not occur perhaps secondary to advanced heart fail- 
ure or concomitant amiodarone therapy blunting the 
chronotropic response to the arterial hypertension. A 
prolonged decrease in mean arterial pressure and con- 
current symptomatic myocardial ischemia necessitated 
early termination in the third patient. 

The most common adverse events were mild and 
transient. Headache (4 patients) and facial flushing (2 
patients) were noted without requiring therapeutic in- 


tervention or decrease in the infusion rate. Angina pec- 
toris was observed in 2 patients with a history of stable 
angina during the dose-escalation phase and mainte- 
nance phase (14 hours), respectively. One patient re- 
quired premature discontinuation of the infusion (14 
hours). No cardiac arrhythmias or electrocardiographic 
evidence of myocardial ischemia were noted during the 
study. No hematologic or biochemical laboratory abnor- 
malities were noted. 

Overall, fenoldopam mesylate administration was 
associated with a 1 kg decrease in weight from 71.6 + 
15.5 to 70.6 + 15.8 kg. Four patients gained more than 
2.0 kg during the infusion accompanied by an increase 
in blood urea nitrogen in 3 and an exacerbation of pe- 
ripheral edema in 2. The remainder of the population 
exhibited modest changes in weight. 


DISCUSSION 

This trial suggests that fenoldopam mesylate de- 
creases systemic vascular resistance, left ventricular fill- 
ing pressure and mean arterial pressure with an accom- 
panying increase in cardiac index and stroke vol- 
ume index. Initiation and termination of these dynamic 
changes are rapid, without demonstrable rebound ef- 
fects. Furthermore, fenoldopam mesylate demonstrates 
a relative attenuation of pharmacodynamic effects over 
a 24-hour infusion. 

Trials of fenoldopam mesylate (oral and intrave- 
nous) in patients with CHF have demonstrated similar 
hemodynamic profiles. Reductions in left ventricular 
filling pressures, systemic vascular resistance and mean 
arterial pressure have been associated with significant 
increases in cardiac output and stroke volume.’~° Fenol- 
dopam has exhibited minimal changes in right-sided 
heart filling pressures, pulmonary artery pressures and 
heart rate.” These efforts were maintained over 4- 
(oral) and 6-(intravenous) hour time periods. 

This is the first human trial demonstrating tachy- 
phylaxis to intravenous fenoldopam in the setting of 
CHF. Tachyphylaxis is defined as an attenuation of ef- 
fect despite stable pharmacologic serum levels.!4 Our 
results exhibit an attenuation of systemic vascular resis- 
tance, and an associated decline in cardiac index and 
stroke volume index from the ceiling effect (maximum 
cardiac output), in both the total and subset populations 
(stable serum concentrations). However, complete 
tachyphylaxis (hemodynamic effect return to baseline) 
was not seen, possibly secondary to premature discon- 
tinuation. 

Attenuation of the hemodynamic effects of fenoldo- 
pam mesylate has been evaluated in animals and hu- 
mans. Repeat intravenous bolus injections or a 15-min- 
ute intravenous infusion of fenoldopam in a hyperten- 
sive rat population exhibited a >30% tolerance from the 
attained maximum total peripheral resistance.'> Oral 
fenoldopam mesylate administered for 3 consecutive 
days to 17 CHF patients revealed an increase in cardiac 
index, while decreasing mean arterial pressure, left ven- 
tricular filling pressures and systemic vascular resis- 
tance.'© However, these effects returned to baseline 
within 3 hours and repeat dosing produced no prolonga- 
tion of hemodynamic effect.'® In comparison, our data 


show attenuation of cardiac index, stroke volume index, 
and systemic vascular resistance, without loss of effect 
on mean arterial pressure at 16 hours of the sustained 
infusion rate. Furthermore, serum concentrations of 
fenoldopam mesylate were maintained over the dosing 
interval in the subset of patients assayed. Therefore, at- 
tenuation of the hemodynamic effect of fenoldopam me- 
sylate is not facilitated by increased metabolism or ex- 
cretion over time. 

A reduction in receptor affinity or number!?:!4:!7 and 
neurohormonal activation! has been associated with va- 
sodilator tolerance in CHF. Dopamine-1 receptor block- 
ade and activation of the neurohormonal forces (renin- 
angiotensin system) have also been postulated as dual 
mechanisms of tolerance development from fenoldopam 
mesylate. Recent evidence suggests that fenoldopam 
mesylate produces both agonist and functional antago- 
nist properties at the dopamine-1 receptor.!4!8 Addi- 
tionally, this dopamine-1 blockade may be time equiva- 
lent to the onset of the agonist activity of fenoldopam 
mesylate.'? However, a reduction in the affinity or den- 
sity of specific receptors mediating the action of fenol- 
dopam mesylate may be a facilitating factor in the ap- 
parent receptor blockade. 

Increased renin secretion has been demonstrated by 
fenoldopam mesylate in animal and human trials.*-!8.!9 
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FIGURE 1. Hemodynamic values throughout the maintenance 
phase of fenoldopam infusion. Values are shown for cardiac 
index (CI), heart rate (HR), stroke volume index (SVI), mean 
arterial pressure (MAP), systemic vascular resistance (SVR), 
left ventricular filling pressure (LVFP), mean right arterial 
pressure (MRAP) and mean pulmonary artery pressure 
(MPAP), from maximum effect (M), through hour 2, 4, 8, 16, 
20, detitration (D) and termination of infusion (T). B = base- 
line. Values are mean + standard error of the mean. *p 
<0.05; **p <0.001. 
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Evidence suggests that the plasma renin elevation is sec- 
ondary to stimulation of dopamine-1 receptors on the 
kidney juxtaglomerular cells.'? Minimal increases in 
plasma norepinephrine and arginine vasopressin have 
also been documented while aldosterone secretion has 
not been suppressed with fenoldopam mesylate adminis- 
tration.’ The increased renin secretion from fenoldopam 
mesylate stimulation may, therefore, increase angioten- 
sin II levels, causing increased vasoconstriction and pos- 
sibly attenuating the afterload reduction and enhanced 
renal function effects mediated by fenoldopam mesy- 
late. In contrast, the expected rebound hemodynamic 
changes from activated neurohormonal forces, have not 
been noted upon fenoldopam mesylate withdrawal.’ 
However, neurohormonal activation is uncommon in 
patients with severe left ventricular dysfunction (our 
study population).”° 

The renal effects of fenoldopam have been evaluated 
in the setting of hypertensionć?!?? and CHF. The 
agent increased renal plasma flow, urinary flow rate, 
glomerular filtration rate and sodium excretion in mild 
to moderate® and severe hypertensive? populations, re- 
spectively. However, in New York Heart Association 
functional class II to IV patients with CHF, no signifi- 
cant changes were demonstrated in urine volume, sodi- 
um or potassium excretion. Although the renal blood 
flow index significantly decreased, in contrast to pa- 
tients with hypertension, our data, previously unreport- 
ed, exhibited no significant change in serum creatinine 
and a nonsignificant decrease in blood urea nitrogen 
over the infusion period. The decrease in blood urea ni- 
trogen may possibly be due to placing the study popula- 
tion at bedrest, withdrawal of diuretics, a direct effect 
of fenoldopam on enhancing renal blood flow or aug- 
mentation of cardiac output from fenoldopam. 

In summary, the beneficial hemodynamic effects of 
fenoldopam were relatively attenuated through a 24- 
hour infusion in a patient population with severe CHF. 
Further evidence must be elucidated to clearly define 
whether complete attenuation occurs over longer infu- 
sion durations, the mechanism(s) facilitating attenua- 
tion of hemodynamic effect and lack of demonstrable 
renal effects of fenoldopam in patients with CHF. A 
clinical role for fenoldopam in CHF must be considered 
nonspecific at this time until further trials are complet- 
ed. 
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Hemodynamic and Renal Effects of Atrial 


Natriuretic Peptide in Congestive Heart Failure 


Michael A. Fifer, MD, Cesar R. Molina, MD, Antonio C. Quiroz, MD, Thomas D. Giles, MD, 
Howard C. Herrmann, MD, lvan R. De Scheerder, MD, Denis L. Clement, MD, PhD, 
Spencer Kubo, MD, Robert J. Cody, MD, Jay N. Cohn, MD, and Michael B. Fowler, MD 


The hemodynamic and renal effects of anaritide 
(human atrial natriuretic peptide 102-126), a syn- 
thetic analog of atrial natriuretic peptide, were 
evaluated in 35 patients with chronic New York 
Heart Association class Il to IV heart failure. There 
were 32 men and 3 women, aged 33 to 75 (mean + 
standard error of the mean 56 + 2) years. In the 
first phase of the study, right-sided heart catheter- 
ization was performed, and anaritide was adminis- 
tered as 1-hour infusions. The rate of the infusion 
varied among patients from 0.03 to 0.3 »g/kg/min. 
In response to anaritide, there were decreases in 
mean systemic arterial (94 + 2 to 87 + 2 mm Hg), 
right atrial (10 + 1 to 8 + 1 mm Hg), mean pulmo- 
nary arterial (33 + 2 to 28 + 2 mm Hg) and pulmo- 
nary artery wedge (22 + 2 to 15 + 2 mm Hg) pres- 
sures (all p <0.05). Cardiac index increased (2.39 
+ 0.15 to 2.62 + 0.15 liters/min/m2, p <0.05) and 
heart rate was unchanged. Systemic vascular resis- 
tance decreased significantly, but pulmonary vas- 
cular resistance was unchanged. There were in- 
creases in urine volume (1.6 + 0.2 to 2.3 + 0.4 ml/ 
min), sodium excretion (47 + 13 to 74 + 20 »Eq/ 
min) and fractional excretion of sodium (0.41 + 
0.11 to 0.59 + 0.14%, all p <0.05), while potassi- 
um excretion and creatinine clearance did not 
change. 

In the second phase of the study, patients re- 
ceived 2-hour infusions of anaritide (0.03 to 0.6 
ug/kg/min) and placebo with noninvasive monitor- 
ing. Mean systemic arterial pressure and plasma 
norepinephrine concentration decreased, while 
urine volume, sodium excretion and fractional ex- 
cretion of sodium increased (all p <0.05) during 
anaritide infusion, but were unchanged on placebo. 
Adverse effects, usually related to excessive reduc- 
tion of systemic arterial pressure, were observed in 
6 patients. Short-term infusion of atrial natriuretic 
peptide produces improvement in hemodynamics 
and renal function in patients with heart failure. 

(Am J Cardiol 1990;65:211-215) 


diuretic and vasodilator effects in healthy sub- 

jects.!-5 Patients with heart failure have high 
levels of circulating immunoreactive ANP,?36° but 
may nevertheless have peripheral vasoconstriction and 
inadequate urine output. If this apparent lack of respon- 
siveness to ANP can be overcome by administering 
pharmacologic doses of the hormone (or a synthetic an- 
alog), its diuretic and vasodilator properties may make 
it a useful agent for the management of patients with 
congestive heart failure. We therefore administered 
anaritide (human ANP 102-126) to patients with con- 
gestive heart failure, and measured its effects on hemo- 
dynamics and renal function. 


A trial natriuretic peptide (ANP) has natriuretic, 


METHODS 

Patients: Thirty-five patients (32 men and 3 wom- 
en), aged 33 to 75 (mean + standard deviation 56 + 2) 
years, were enrolled at 6 study sites. Eleven patients 
were in New York Association class II, 19 in class III 
and 5 in class IV. Some of the results for 6 patients at 1 
site have been reported separately,!° and results for 10 
others are among those reported in another study.!! Ex- 
clusion criteria were serum creatinine level >2.5 mg/dl 
or other evidence of renal disease, urinary tract abnor- 
mality that prevented complete bladder emptying or 
precluded placement of a bladder catheter, hepatic or 
endocrine disease, acute myocardial infarction within 3 
months, standing systolic blood pressure <100 mm Hg 
or supine diastolic blood pressure >110 mm Hg, serum 
potassium level <3.5 mEq/liter, and hematocrit <30%. 
Women of childbearing potential were also excluded. 
The study was approved by the review boards of the 
participating institutions, and all patients gave written 
informed consent. 

Study protocol: Beginning 2 days before the hospital 
admission, patients began a diet containing 20 mEq of 
sodium and 80 mEq of potassium daily, and all diuretic 
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All 0.03 ug/kg/min 


Parameter Baseline Baseline ANP 


0.1 ug/kg/min 0.3 ug/kg/min 


Baseline Baseline 


82+2 
(n = 35) 
94 42 
(n = 35) 
1041 
(n = 33) 
3342 
(n = 35) 
2242 
(n = 35) 
2.39 + 0.15 
(n = 34) 
30+ 2 
(n = 34) 
3043 
(n = 34) 
1,642 + 87 
(n = 32) 
227 + 26 
(n = 34) 
16+0.2 
(n = 33) 
47+13 
(n = 31) 
67+/7 
(n = 31) 
100+ 11 
(n = 29) 


82 +3 
87 + 2* 
CE D 
28 + 2* 
15 +2" 
2.62:4:0.15* 
a2 2° 
3242 
1,417 + 84* 
233 + 28 
2.3 + 0.4* 
74 + 20* 
7046 


9348 


78+2 
(n = 13) 
9244 
(n = 13) 
8+1 
(n = 13) 
29+3 
(n = 13) 
1843 
(n = 13) 
2.40+0.14 
(n = 13) 
31+2 
(n = 13) 
3143 
(n = 13) 
1,534 + 123 
(n = 13) 
185 + 29 
(n = 13) 
1.4 + 0.2 
(n = 13) 
44 + 20 
(n = 12) 
78414 
(n = 12) 
120 + 25 
(n = 10) 


77 +2 


90 +4 


6+ 1* 


25 + 4* 


14+ 2* 


2.47 + 0.17 


S22 


3343 


1,505 + 136 


185 + 31 


1.94+0.5 


58 + 29 


67 +10 


107 +11 


8545 
(n = 13) 
96 +2 
(n = 13) 
1142 
(n = 13) 
38+ 3 
(n = 13) 
26+ 3 
(n = 13) 
2.20 + 0.20 
(n = 13) 
27 +3 
(n = 13) 
27+4 
(n = 13) 
1,750 + 147 
(n = 13) 
276+ 48 
(n = 13) 
16+0.5 
(n = 12) 
32417 
(n= 12) 
5448 
(n = 12) 
77+11 
(n= 11) 


84+6 
86 + 3* 
St 2 
32 + 4* 
17'27 
2.46 + 0.20* 
30+2 
29+3 
1,392 + 114* 
273 + 49 
2.9+0.7* 
72 + 30* 
78+ 11 


83 + 10 


8145 
(n = 8) 
9544 
(n = 8) 
1344 
(n = 6) 
3045 
(n = 8) 
20+4 
(n = 8) 
2.86 + 0.55 
(n= 7) 
35+6 
(n=7) 
3848 
(n=7) 
1,594 + 256 
(n= 5) 
195 + 68 
(n=7) 
2.0+ 0.6 
(n=7) 
88 + 38 
(n= 6) 
6348 
(n = 6) 
109 + 19 
(n= 7) 


85 +6 
82+5 
8 + 3* 
20 +5" 
11+ 4* 
3.29 + 0.46 
38+5 
37:5 
1,151 + 258 
217 + 84 
2.2+0.9 
120 + 64 
63 + 10 


91+ 24 


=F -e 
< =, at . : 


0.31+0.12 
(n = 10) 


0.41 + 0.11 0.59 + 0.14* 


(n = 29) 


* p <0.05 vs baseline. 
Values are mean + standard error of the mean. 


0.49 + 0.17* 


0.53+0.20 0.79+0.38 0.90 + 0.43 


(n=7) 


0.27 + 0.11 
(n= 11) 


ANP = atrial natriuretic peptide; Ccre = creatinine clearance (ml/min); Cl = cardiac index (liters/ min/m2); FENa = fractional excretion of sodium (%); HR = heart rate (beats / 
min); MAP = mean systemic arterial pressure (mm Hg); PAP = mean pulmonary arterial pressure (mm Hg); PCWP = pulmonary capillary wedge pressure (mm Hg); PVR = pulmonary 


vascular resistance (dynes s cm~5); RAP = right atrial pressure (mm Hg); SVI = stroke volume index (ml / mê); SVR = systemic vascular resistance (dynes s cm 


; SWI = stroke work 


index (g-m /m?); UK = urinary potassium excretion (uEq/ min); UNa = urinary sodium excretion (uEq/ min); UV = urine volume (ml/min). 


and vasodilator medications were withheld. Substances 
known to affect sodium balance, including caffeine, ste- 
roids and nonsteroidal antiinflammatory drugs, were 
also withheld. Other medications, including digoxin, 
were continued. 

On the second hospital day, digoxin was withheld, 
and patients had a light breakfast of juice, gelatin and a 
decaffeinated beverage. A bladder catheter, a radial ar- 
tery cannula and a balloon-tipped flow-directed pulmo- 
nary artery catheter were inserted. After confirmation 
of baseline hemodynamic stability (variation between 
repeat measurements <10%), three 1-hour infusions of 
anaritide were administered in ascending dose order, 
separated by 1-hour recovery periods. Patients received 
one of the following dose sequences: 0.03, 0.06 and 0.1 
ug/kg/min, 0.1, 0.2 and 0.3 ug/kg/min or 0.3, 0.45 and 
0.6 g/kg/min. Initial infusion rate was 0.03 ug/kg/ 
min in 13 patients, 0.06 ug/kg/min (due to a technical 
error) in 1, 0.1 wg/kg/min in 13 and 0.3 wg/kg/min in 
8. Persistent carry-over effects of the 1-hour day 2 infu- 
sions were present after the 1-hour “recovery” periods, 
and would therefore affect the “baseline” measurements 
for subsequent infusions. At the end of first 1-hour re- 
covery period, mean systemic arterial pressure was 7%, 
right atrial pressure 14% and pulmonary artery wedge 
pressure 21% lower than values before the first 1-hour 
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infusion (all p <0.01), while cardiac index was un- 
changed. For this reason, the effects of only the initial 
1-hour infusion in each patient were analyzed. 

The volume of urine excreted during each hour was 
replaced during the subsequent hour with an infusion of 
5% dextrose in 0.3 normal saline. Urine volume, heart 
rate, systemic arterial, right atrial, pulmonary arterial 
and pulmonary artery wedge pressures, thermodilution 
cardiac output, serum and urine sodium, potassium and 
creatinine levels were measured before and during each 
infusion. The bladder, pulmonary artery and radial ar- 
tery catheters were removed at the end of the study pe- 
riod on day 2. 

On days 3 and 4, patients received, in random order, 
a 2-hour infusion of anaritide at the highest dosage ad- 
ministered on day 2 without side effects, and a 2-hour 
infusion of placebo (consisting of mannitol-acetic acid 
vehicle). Three patients dropped out of the study after 
day 2: 1 experienced vomiting during anaritide infusion 
on day 2; 1 had angina following the day 2 study; and 1 
had preexisting but previously unrecognized anemia in 
the setting of a pulmonary malignancy. Infusion rate 
was 0.03 wg/kg/min in 1 patient, 0.06 ug/kg/min in 4, 
0.1 ug/kg/min in 10, 0.3 wg/kg/min in 11, 0.45 ug/kg/ 
min in 1 and 0.6 wg/kg/min in 5. Heart rate and blood 
pressure were measured and urine samples were collect- 


ed during a baseline period and during the infusion of 
anaritide or placebo. Plasma immunoreactive ANP con- 
centration was measured before the start of the infu- 
sions, and at the end of the 2-hour infusion. Plasma 
renin activity and aldosterone and norepinephrine con- 
centrations were measured before and at the end of 
anaritide infusion. 

Data analysis: Some data were not collected for all 
patients in the study, and some were missing because of 
technical inadequacies in their collection. Cardiac in- 
dex, stroke volume index, systemic and pulmonary vas- 
cular resistance, creatinine clearance and fractional ex- 
cretion of sodium were calculated from standard formu- 
las. Mean systemic arterial pressure was calculated as 
[(systolic pressure) + 2 (diastolic pressure)]/3. Stroke 
work index (g-m/m7) was calculated as 0.0136 X stroke 
volume index X (mean systemic arterial pressure — pul- 
monary artery wedge pressure). Plasma ANP and aldo- 
sterone concentrations and renin activity were 
determined by radioimmunoassay, as previously de- 
scribed.!!,!2 

Statistical methods: Values are expressed as mean 
+ standard error of the mean. Comparisons between 2 
treatment periods (e.g., baseline and anaritide for the 1- 
hour infusion) were made by paired ¢ tests. Overall 
comparisons among 4 treatment periods (baseline, pla- 
cebo, baseline and anaritide for the 2-hour infusion) 
were made by 2-way analysis of variance; comparisons 
of group means were made using Neuman-Keuls test. 
Differences were considered significant if the p value 
was <0.05. 


RESULTS 

Baseline characteristics: On the day of the 1-hour 
infusions, baseline right atrial, mean pulmonary arterial 
and pulmonary artery wedge pressures were elevated 
above normal values, and cardiac index was depressed 
(Tables I and II). Creatine clearance was normal; val- 
ues for the 1-hour infusion, placebo and 2-hour infusion 
days were similar. On the day of the 2-hour anaritide 
infusion, baseline plasma renin activity and aldosterone 
and norepinephrine concentrations were elevated above 
normal values in the subsets of patients in whom these 
measurements were made. Baseline plasma ANP con- 
centrations were elevated at 94 + 26 (n = 24) on day 2, 
70 + 10 (n = 24) on the day of placebo infusion and 73 
+ 9 ng/dl (n = 26) on the day of the 2-hour anaritide 
infusion. 

Hemodynamic effects of one- and two-hour infu- 
sions: In response to the 1-hour infusion of anaritide, 
mean systemic arterial, right atrial, mean pulmo- 
nary arterial and pulmonary artery wedge pressures de- 
_creased significantly (Table I, Figure 1). Heart rate did 
not change. Cardiac index increased from 2.39 + 0.15 
to 2.62 + 0.15 liters/min/m? (p <0.01). Stroke volume 
index increased by a small but statistically significant 
amount, but stroke work index did not change. Systemic 
vascular resistance decreased, but pulmonary vascular 
resistance did not change. 

At the end of the 2-hour infusion of anaritide, plas- 
ma ANP concentration was 6,790 + 834 ng/dl (n = 


24). Mean arterial pressure decreased with anaritide, 
and was not affected by placebo infusion (Table II, Fig- 
ure 2). Heart rate did not change during infusion of 
either anaritide or placebo. 

Renal effects of one- and two-hour infusions: Urine 
output, sodium excretion and fractional excretion of so- 
dium increased during the l- and 2-hour infusions of 
anaritide, and were unchanged during placebo infusion 
(Figures 1 and 2, Table I). Urinary potassium excretion 
and creatinine clearance did not change with anaritide. 

Endocrine effects of two-hour infusions (Table Il): 
Plasma concentration of norepinephrine decreased dur- 
ing the 2-hour anaritide infusion. Plasma renin activity 
and aldosterone concentration did not change. 

Adverse effects of infusions: Six patients had signif- 
icant adverse effects during or after anaritide infusion. 
One had hypotension (blood pressure 80/60 mm Hg) at 
the end of a 1-hour infusion of anaritide, 0.45 ug/kg/ 
min; after a 2-hour infusion of anaritide, 0.3 ug/kg/ 
min, he had syncope after standing to void, with blood 
pressure 80/50 mm Hg immediately afterward. A sec- 
ond patient had orthostatic hypotension (systolic blood 
pressure 48 mm Hg) 1 hour after a 1-hour infusion of 
anaritide, 0.1 g/kg/min. Another patient had hypoten- 
sion (blood pressure 82/54 mm Hg) at the end of a 1- 
hour infusion of anaritide, 0.45 wg/min. A fourth pa- 
tient had anuria during a l-hour infusion of anaritide, 
0.1 ug/kg/min, but subsequently had a 2-hour infusion 
at the same dosage without adverse effect. A fifth pa- 
tient vomited during a 1-hour infusion of anaritide, 0.3 
ug/kg/min. These adverse effects were managed with 
discontinuation of the infusion or administration of flu- 
ids. The final patient experienced angina after the final 
infusion of a 0.03, 0.06 and 0.1 wg/kg/min sequence; 
this patient had had chronic stable angina. There were 
no adverse effects of placebo infusion. 


DISCUSSION 

Hemodynamic effects of atrial natriuretic peptide: 
We have demonstrated an improvement in hemody- 
namics, characterized by a decrease in filling pressure 
and an increase in cardiac output, in patients with heart 
failure in response to infusion of anaritide. This finding 
confirms the results of 3 previous studies in smaller 
numbers of patients.?5!3 The effects of ANP on stroke 
volume and cardiac output in heart failure are in con- 
trast to those seen in the presence of normal left ventric- 
ular systolic function. In normal animals, cardiac output 
decreases during ANP infusion.'*-'!© Cody et al? ob- 
served no change in cardiac output in response to ANP 
in normal humans. Patients with hypertension exhibit a 
decrease in cardiac output in response to ANP.!7 While 
part or all of these effects may be accounted for by a 
decrease in preload, the possibility that ANP depresses 
myocardial contractility has been raised.'’ The increase 
in cardiac output observed in patients with heart failure 
is likely explained by the higher initial preload, a more 
horizontal ventricular function curve, a predominantly 
vasoconstrictor neurohormonal profile and a greater 
sensitivity to afterload reduction in these patients. A 
preliminary report of an investigation of the direct myo- 
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cardial effects of anaritide in patients with heart failure 
indicates that it has no effect on contractility.!* 

Renal effects of atrial natriuretic peptide: Our study 
also demonstrates a favorable effect of anaritide infu- 
sion on some parameters of renal function in patients 
with heart failure. The changes in urine volume and in 
total and fractional excretion of sodium observed by 
Cody et al? were similar to those seen in our patients, 
but were not statistically significant in their small group 
of patients. Similarly, Saito et al> noted increases in 


MAP RAP PCWP Cl 


Eca 
AI 





urine volume and sodium excretion (as well as creati- 
nine clearance) in their patients with heart failure, but 
the changes were not statistically significant. The 
modest improvement in parameters of renal function 
achieved statistical significance in our study because of 
the greater number of patients enrolled. 

The magnitude of the response of renal function to 
ANP infusion in our patients is considerably less than 
that seen by Richards et al! in normal volunteers. They, 
however, used a single bolus of 100 wg, which makes 


[| 0.03 ug/kg/min 
B 0.1 ug/kg/min 
EE o3 g/kg/min 


SVR UV UNa FENa 


FIGURE 1. Percent changes in mean arterial pressure (MAP), right atrial pressure (RAP), pulmonary capillary wedge pressure 
(PCWP), cardiac index (CI), systemic vascular resistance (SVR), urine volume (UV), urinary sodium excretion (UNa) and 
fractional excretion of sodium (FENa) during initial 1-hour infusions of atrial natriuretic peptide according to dose 
administered. Indicated infusion rates apply to separate groups of patients, and thus do not provide a true dose-response 


relation. 
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FENa 





FIGURE 2. Percent changes in parameters during 2-hour infusions of atrial natriuretic peptide according to dose administered. 
Indicated infusion rates apply to separate groups of patients, and thus do not provide a true dose-response relation. 


Abbreviations as in Figure 1. 
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direct comparison difficult. The renal response of our 
patients to an infusion of 0.1 „g/kg/min is considerably 
less than that of the normal subjects studied by Cody,’ 
Saito’ and their co-workers to the same dosage. In our 
subgroup of patients receiving 2-hour infusions of 0.3 
ug/kg/min, however, the magnitude of the increases in 
urine volume and sodium excretion is similar to the re- 
sponse to the lower dosage in the studies of Cody, 
Saito’ and their co-workers. This finding suggests that 
it may be possible to overcome renal hyporesponsiveness 
to ANP in patients with heart failure by the administra- 
tion of a large dose of a synthetic analog of the hor- 
mone. 

The reason for the greater response of renal parame- 
ters in patients receiving the initial 1-hour infusion of 
anaritide at a rate of 0.1 versus those receiving 0.3 ug/ 
kg/min is not evident. Baseline ANP levels tended to be 
higher in patients receiving the higher infusion rate 
(140 + 55 vs 65 + 9 ng/dl, p = 0.07). Furthermore, 
mean systemic arterial pressure decreased by a slightly 
greater amount (14 vs 10%) to a slightly lower level (82 
+ 5 vs 86 + 3 mm Hg) in those receiving the higher 
rate. In this regard, a preliminary report has suggested 
that in patients with heart failure infusion of ANP at a 
very low rate may result in renal vasodilation and im- 
provement in renal function without altering central he- 
modynamics.!? It is possible, then, that diminished sen- 
sitivity to ANP or renal hypoperfusion contributed to 
this result. During 2-hour infusions, the response of pa- 
tients receiving 0.3 wg/kg/min was greater than that of 
patients receiving 0.1 ug/kg/min. 

Adverse reactions: Possible side-effects of anaritide 
were experienced by 17% (6 of 35) of the subjects, and 
were usually related to excessive reduction of systemic 
arterial pressure. Similar reactions were reported in 1 of 
6 patients with heart failure’ and 1 of 13 patients with 
hypertension. !’ 

Limitations of the study: As discussed, a limitation 
of the present study is the inability to construct true 
dose-response relations for anaritide. Interpretation of 
Figures 1 and 2 must be qualified by this consideration. 
Furthermore, invasive measurements were not available 
during the 2-hour infusions. This study, nevertheless, 
provides the most comprehensive data regarding the ef- 
fects of ANP in patients with heart failure available to 
date. 
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Worldwide... 
36,288,000,000 times a day 
and counting. 


Thirty-one years ago, we implanted the world’s first 
cardiac pacemaker. 


Today, over 360,000 people worldwide depend on 
Siemens and Pacesetter pacemakers. That means 
that on the average, we help keep hearts beating at 
least 36,288,000,000 times a day.* 


And we have the best product performance record 
in the industry. In fact, a recent independent study *” 
proves it once again. 


Siemens and Pacesetter. Pacemakers you can 
counton. 


*Based on average rate of 70 bpm. 


** Tyers GFO: FDA Recalls: How Do Pacemaker Manufacturers Compare? 
Ann Thorac Surg 48:390-6, 1989. 


GERONTOLOGIST 


BC/BE GERONTOLOGIST OR INTERNIST TO DIRECT 
GROWING EXTENDED CARE SERVICE AT DEAN’S COM- 
MITTEE V.A. MEDICAL CENTER. LOCATED ON GULF 
COAST IN YEAR ROUND RESORT AREA 80 MILES FROM 
NEW ORLEANS, LA. SEND C.V. TO PAUL S. ROSENFELD, 
M.D., CHIEF, MEDICAL SERVICE, VAMC, BILOXI, MS 
39531, OR TELEPHONE (601) 385-5795. THE VA IS AN 
EQUAL OPPORTUNITY EMPLOYER. 


Senior Academic Cardiologist (tenured associate professor 
level) who will have primary responsibility for cardiac patient 
care and teaching at the U Hospital with emphasis in any clini- 
cal area of expertise, including angiography, critical care or 
nuclear or noninvasive imaging. Professional distinction in re- 
search and teaching as demonstrated by success of published 
peer review articles, independent research accomplishments 
and teaching effectiveness in the area of cardiology. Person 
will be expected to develop independent research effort within 
this Division. Apply to: Jay N. Cohn, M.D., Professor and Head, 
Cardiovascular Division, Box 488 UMHC, University of Minne- 
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VALVULAR HEART DISEASE 


Ten-Year Results with the St. Jude Medical 
Prosthesis 
Chandra K. Nair, MD, Syed M. Mohiuddin, MD, Daniel E. Hilleman, PharmD, 


Richard Schultz, MD, Robert T. Bailey, Jr., PharmD, Cornelia T. Cook, BFA, 
and Michael H. Sketch, Sr., MD 


Although the hemodynamic characteristics and 
durability of the St. Jude valve prosthesis have 
been reported, the need for and the degree of anti- 
coagulation in patients who receive these valves re- 
main uncertain. Our 10-year experience with 165 
patients (100 men and 65 women, mean age of 58 
+ 13 years), who underwent valve replacement 
with St. Jude prostheses, is reported. Of the 165 
patients, 147 were treated with warfarin. A pro- 
thrombin time 1.3 to 1.8 times control (range 15 to 
20 seconds) was maintained in 134 patients with 
single valve and 1.8 to 2 times control (range 20 to 
25 seconds) in 13 patients with double valve pros- 
theses. The 10-year actuarial event-free incidence 
from thromboembolic and hemorrhagic complica- 
tions was 84 and 95%, respectively. Of the 8 pa- 
tients receiving antiplatelet therapy alone, 4 had 
thromboembolic events. Of the 10 patients on nei- 
ther warfarin nor antiplatelet therapy, 3 had 
thromboembolic events. The 10-year actuarial 
event-free incidence from valve failure was 95%. 
The 10-year actuarial patient survival was 55%. 
Thus, the St. Jude valve is a safe and reliable pros- 
thesis with acceptable overall long-term perfor- 
mance in patients given a modest anticoagulation 
regimen. Patients who receive St. Jude prosthetic 
valves without anticoagulants have a high incidence 
of thromboembolic events despite therapy with 
antiplatelet agents. 

(Am J Cardiol 1990;65:217-225) 
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durable thromboresistent pyrolytic carbon and 

is a bileaflet, low profile valve with central 
flow characteristics.'-* Compared with other mechani- 
cal prostheses, the St. Jude valve has a tilting dise with 
a superior effective orifice area that allows insertion of a 
hemodynamically favorable valve even in the presence 
of a relatively small recipient valve anular diameter. 
This may account for the favorable effective orifice area 
compared with valve size. This, in association with the 
low profile and central flow characteristics, makes 
the St. Jude valve hemodynamically closer to biologic 
valves.>-? However, a major difficulty associated with 
the use of nonbiologic valves is the increased incidence 
of thromboembolism and anticoagulation-related hem- 
orrhage.?-'4 Although thromboresistant pyrolytic car- 
bon does not completely avoid the use of anticoagula- 
tion, the types of antithrombotic agents and the degree 
of anticoagulation needed in patients with St. Jude pros- 
thetic valves are still unresolved.'>-22 We report our 10- 
year experience with 165 patients who underwent St. 
Jude valve prostheses implantation. 


ck St. Jude Medical valve prosthesis is made of 


METHODS 

Study patients: From April 1978 through May 
1987, 165 patients (100 men and 65 women), mean age 
58 + 13 (range 9 to 82) years, underwent valve replace- 
ment with St. Jude prostheses in St. Joseph Hospital, 
Creighton University. Of these, 93 were aortic, 59 were 
mitral and 13 were double (aortic and mitral) valve re- 
placements. Thirty-one patients had concurrent 
myocardial revascularization. One-hundred and twelve 
(68%) had postinflammatory or degenerative valvular 
heart disease, 25 (15%) had coronary artery disease, 9 
(5%) had congenital heart disease, 9 (5%) had endocar- 
ditis and 10 (6%) had valvular heart disease of uncer- 
tain etiology. Sixty (36%) had aortic stenosis, 45 (27%) 
had aortic regurgitation, 43 (26%) had mitral stenosis 
and 30 (18%) had mitral regurgitation as the predomi- 
nant valvular lesion. 

Surgery and anticoagulation: Surgical technique 
consisted of cardiopulmonary bypass with membrane 
oxygenation and systemic hypothermia (25 to 28°C). 
Potassium cardioplegia and topical hypothermia with 
ice cold saline were also used. All significant calcifica- 
tion was debrided from the native anulus. The prosthet- 
ic valves were fixed with interrupted mattress sutures 
with Teflon pledgets on the ventricular sides. The com- 
monly used prostheses ranged from 23 to 25 mm sizes 
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TABLE I Frequency of Death and Other Complications in 165 Patients with St. Jude Valve Prosthesis and Subgroups by Valve 
Position and Antithrombotic or No Therapy 


Patients 


Valve position 
Aortic 
Mitral 
Double 
Antithrombotic therapy 
Warfarin 
Warfarin + 
dipyridamole 
Aspirin + 
dipyridamole 
No therapy 
Total 


for aortic and 27 to 31 mm sizes for mitral positions. 
Anticoagulation with warfarin was routinely started on 
postoperative day 2 to 4 with therapeutic levels achieved 
on the sixth to eighth postoperative day. Prothrombin 
times of 1.3 to 1.8 times control (15 to 20 seconds) were 
considered adequate anticoagulation for single valve 
prosthesis and 1.8 to 2 times control (20 to 25 seconds) 
for double valve prostheses. Prothrombin times were 
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PERCENT SURVIVAL 





Valve 


Thrombembolism Hemorrhage Failure 


checked daily in the hospital, weekly until prothrombin 
time was relatively stable and then monthly thereafter. 
A total of 147 patients were maintained on warfarin. Of 
these, 24 patients were also receiving dipyridamole (225 
mg daily in 3 equally divided doses) based on empirical 
decision by the personal physician or cardiologist. Of 
the 18 patients not given warfarin (because of lack of 
compliance or gastrointestinal bleeding), 10 took no 
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FIGURE 1. Actuarial survival for patients with St. Jude prosthesis. Aortic, mitral, double valve and total patients are shown. 
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anticoagulants or antiplatelet therapy and 8 took both 
aspirin (324 mg daily) and dipyridamole (225 mg daily 
in 3 equally divided doses) started within 2 to 3 days of 
surgery. 

Long-term follow-up: Follow-up data were obtained 
by periodic evaluations in the outpatient clinic, review- 
ing the hospital records during hospitalizations and in- 
terviewing patients on the telephone or their families 
and personal physicians when deceased. Follow-up of 
hospital survivors ranged from 0 to 9.3 years (mean 4.3 
+ 2.2). No patient was lost to follow-up. Ethical guide- 
lines were used throughout the study by the investiga- 
tors. All patients gave informed consent and the Institu- 
tional Committee on Human Research approved the 
study protocol. 

Definitions: Thromboembolism included any new 
permanent or transient cerebrovascular or peripheral 
vascular embolic events in the absence of infection or 
another cause such as atrial myxoma and valve throm- 
bosis confirmed by surgery, necropsy or both. Antico- 
agulation-related hemorrhage included all bleeding epi- 

4 sodes resulting in death, stroke, change of medications, 
b blood transfusion or hospitalization. Diagnosis of endo- 
carditis required infection involving the prosthetic valve 
with combination of clinical signs (fever, new or altered 
cardiac murmurs, splenomegaly, systemic emboli or im- 
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TABLE Il Summary of Frequency of Death and Other 
Complications in 165 Patients with St. Jude Valve Prosthesis 


Percent Free from Events 


Frequency 


l Year 5 Years 10 Years 


Death 

Total complications* 
Thromboembolism 
Hemorrhage 
Valve failure 


* Only the first event was considered. 
All + data are mean + standard error. 


munopathologic lesions), 22 positive blood cultures or 
positive histologic and microbial examinations of the ex- 
planted valves. Paravalvular leak was defined as a new 
aortic diastolic murmur or a new mitral systolic mur- 
mur detected by auscultation and confirmed by Doppler 
echocardiography, cineangiography or surgery. Valve 
failure was defined as mechanical valve dysfunction 
from valve disruption, breakage, leaflet dehiscence or 
valve thrombosis. Cardiac deaths included sudden and 
nonsudden deaths from cardiac causes. Sudden death 
was defined as cardiac death within 1 hour of onset 
of symptoms. Valve-related mortality included death 
caused by structural valve deterioration, nonstructural 
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x FIGURE 2. Actuarial freedom from complications for patients with St. Jude prosthesis. Aortic, mitral, double valve and total 


patients are shown. 
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valve dysfunction, thromboembolism, anticoagulant-re- 
lated hemorrhage, prosthetic endocarditis or death at 
reoperation (deaths due to heart failure in patients with 
advanced myocardial disease and satisfactorily func- 
tioning prosthetic valves are not included). Operative 
mortality was defined as death during hospitalization 
for valve replacement or within 30 days of surgery if the 
patient had been discharged from the hospital before 
that time. All deaths occurring beyond the initial hospi- 
talization for valve replacement or after the 30-day 
postoperative period if patients had been discharged 
were considered late deaths. 

Statistical analysis: All data were analyzed using 
the statistical package for social sciences.**4 Unless in- 
dicated otherwise, values are mean + standard devi- 
ation. Greenwood’s formula and Kaplan-Meier plots 
were used to evaluate the 10-year actuarial rate of free- 
dom from complications and actuarial patient survival. 
A p value <0.05 was considered significant. 


RESULTS 

Table I lists the frequency of death and other com- 
plications in total patients and subgroups in regard to 
the valve position and types of antithrombotic therapy 
or no therapy. Table II lists the results of survival analy- 
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sis at 1, 5 and 10 years of follow-up with frequency of 
death and complications. Table III lists the clinical 
characteristics of patients with thromboembolic events 
after St. Jude prosthetic valve replacement. Of the 18 
patients with thromboembolic events, 11 (7 mitral, 3 
aortic and 1 double) were receiving warfarin (mean 
dose 4.7 + 2 mg daily) and had a prothrombin time of 
19 + 3 seconds at the time of thromboembolic event. 
These values were 4.5 + 2.8 mg daily and 20 + 5 sec- 
onds, respectively, for the 136 patients taking warfarin 
without thromboembolic events. Of the remaining 7 pa- 
tients with thromboembolic events, 4 (2 mitral, 2 aortic) 
were receiving combination antiplatelet therapy and 3 
(1 mitral, 2 aortic) were not receiving warfarin or anti- 
platelet therapy. The mean age of the 18 patients with 
thromboembolic events was 59 + 13 years compared to 
58 + 13 years for the 147 patients without thromboem- 
bolic events. Seven of 18 (39%) patients with thrombo- 
embolic events were in atrial fibrillation and 1 patient 
had paroxysmal supraventricular tachycardia. Twenty- 
six (18%) patients without thromboembolic events were 
in atrial fibrillation, 10 (7%) were in atrial flutter and 3 
(2%) had paroxysmal supraventricular tachycardia. The 
clinical characteristics of the patients with hemorrhagic 
cerebrovascular events are listed in Table IV. Four of 
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FIGURE 3. Actuarial freedom from thromboembolic cerebrovascular events (CVE) for patients with St. Jude prosthesis. Aortic, 


mitral, double valve and total patients are shown. 
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123 patients (3%) taking warfarin alone and | of 24 | TABLE IM Clinical Characteristics of Patients with 
(4%) taking warfarin plus dipyridamole had a cerebro- Cerebrovascular Thromboembolic Events After St. Jude 
vascular hemorrhage during follow-up. The mean dos: | prosthetic Valve Replacement 
age of warfarin and the prothrombin time for the 5 pa- 
tients with cerebrovascular hemorrhage was 4 + 1 mg i kinne Tr a | 
dailv and 18 + 6 seconds, respectively, compar d wos k Age Location Surgery Antithrombotic Cardiac 
y » respectively, p (yrs), Sex of Valve (mos) Therapy 
3 mg daily and 20 + 5 seconds, respectively, for the 
remaining 142 patients taking warfarin. The mean age 
of the 5 patients with cerebrovascular hemorrhage was 
63 + 7 years compared to 58 + 13 years for the 
160 patients without'cerebrovascular hemorrhages. The 
mean left atrial internal dimension on echocardiogram 
for the 142 patients without cerebrovascular events was 
4.7 + 1.2 cm; it was 5 + 1 cm for the 23 patients with 
such events. Of these 23 patients, 18 with thrombo- 
embolic events had a mean left atrial internal dimension 
of 5 + 1 cm compared to 4.5 + 0.5 cm for the 5 pa- 
tients with hemorrhage. There were no episodes of clini- 
cally detectable peripheral emboli or hemorrhage, para- 
valvular leak or endocarditis during the follow-up in any 
of the patients with aortic, mitral or double valve pros- 
theses. The causes of death for total patients and those | 
with aortic, mitral and double valve replacements are | amaan tey herapy Sane: = aa. Saa SR Sina raven SVT 
listed in Table V. Neither age nor sex was found to bea | SUPraventricular tachycardia: W = warfarin. 
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M FIGURE 4. Actuarial freedom from hemorrhagic cerebrovascular events (CVE) for patients with St. Jude prosthesis. Aortic, 
mitral, double valve and total patients are shown. 
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TABLE IV Clinical Characteristics of Patients with 
Cerebrovascular Hemorrhagic Events After St. Jude 
Prosthetic Valve Replacement 


Time after 
Surgery 
(mos) 


Antithrombotic Cardiac 


Therapy 


Age Location 
(yrs), Sex of Valve 


Abbreviations as in Table III. 


significant prognostic factor for death or total complica- 
tions. Actuarial survival rates and freedom from com- 
plications for patients with aortic, mitral, double valves 
and total patients are shown in Figures 1 to 4. Figures 
5, 6 and 7 show actuarial rates of freedom from compli- 
cations for different therapies or no therapy. 
DISCUSSION 

Valve-related complications and survival: The ex- 


cellent hemodynamic characteristics and the durability 
of St. Jude prosthetic valve are well documented.'~’ The 
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10-year actuarial event-free incidence from valve failure 
in this study was 95%. Valve failures were from valve 
immobility due to thrombosis and not due to struc- 
tural defects. This supports the previous findings of 
the mechanical soundness of the St. Jude prosthetic 
valve.520.25-27 The actuarial survival including operative 
mortality was 64% at 10 years for aortic, 57% at 8 years 
for mitral and 76% at 8 years for double valves; these 
compare favorably with previous reports for the St. 
Jude and other prosthetic valves. The actuarial freedom 
from complications was 83% for aortic, 64% for mitral 
and 71% for double valves at the latest follow-up. The 
overall actuarial patient survival and freedom from 
complications at 10 years were 55 and 76%, respective- 
ly. These data are also similar to previous reports for 
the St. Jude and other prosthetic valves.®:!° 
Anticoagulation and prothrombin time: The need 
for and the optimal anticoagulation regimen for patients 
with St. Jude prosthetic valves remain controversial. 
Pass et al? reported good results with no anticoagulation 
in a series of 34 children undergoing St. Jude prosthetic 
valve replacements but the follow-up was relatively 
short. McGrath et al!> reported a significantly higher 
incidence of thromboemboli in children with St. Jude 
prosthetic valves receiving antiplatelet therapy alone 
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FIGURE 5. Actuarial freedom from complications for patients with St. Jude prosthesis treated with warfarin, warfarin and 
dipyridamole, aspirin and dipyridamole or no antithrombotic therapy. 
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and recommended full anticoagulation with warfarin in 
patients with St. Jude prosthetic valves. Baudet et al'® 
reported a significantly higher incidence of valve throm- 
bosis, systemic emboli and sudden death in a group of 
X 78 patients with St. Jude prosthetic valves who were not 
anticoagulated compared to 630 patients receiving anti- 
coagulation. Hartz et al!” reported the incidence of 
thromboemboli in 83 patients with St. Jude prosthetic 
valves in the aortic position. Of these, 41 were receiving 
antiplatelet therapy alone and 42 were receiving warfa- 
rin anticoagulation. Four patients with valve thrombosis 
reported in this series were receiving antiplatelet drugs 
alone. Ribeiro et al!8 reported 5 cases of valve thrombo- 
sis among 67 patients with St. Jude prosthetic valves in 
aortic or aortic and mitral positions treated with anti- 
platelet therapy. This is also in agreement with the ex- 
perience of Czer et al,’ who reported 1.1%/patient-year 
incidence of thromboembolism in patients with St. Jude 
prosthetic valves treated with warfarin anticoagulation 
compared to 4.2%/patient-year among patients treated 
with antiplatelet drugs alone and 26.4%/patient-year in 
patients receiving neither anticoagulation nor antiplate- 
let agents. 

All except 18 patients were receiving warfarin anti- 
coagulation in our study. The prothrombin time was 
maintained in the range of 1.3 to 1.8 times control (15 
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TABLE V Causes of Death for Patients with Aortic, Mitral 
and Double Valves and Total Patients After St. Jude Prosthetic 
Valve Replacement 


Double 
(n= 13) 


Mitral 
(n = 59) 


Aortic 
(n = 93) 


Total Pts 
(n= 165) 


Operative 14 (7) 
mortality (%) 
Congestive heart 
failure (%) 
Sudden cardiac 
death (%) 
Myocardial 
infarction (%) 
Thromboembolic 
cerebrovascular 
event (%) 
Repeat valve 
implant (%) 
Noncardiac (%) 
Unknown (%) 
Total (%) 


6 (4) 
4 (2) 
2 (1) 


2 (1) 


2 (1) 


1 (1) 
1 (1) 
32 (20) 


to 20 seconds) with modest doses of warfarin except for 
13 patients with double valves. The low rate of throm- 
boembolism with modest doses of warfarin is similar to 
a recent report by Kopf et al, who also demonstrated a 
low incidence of thromboembolism among patients with 
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FIGURE 6. Actuarial freedom from thromboembolic cerebrovascular events (CVE) for patients with St. Jude prosthesis treated 


with warfarin, warfarin and dipyridamole, aspirin and dipyridamole or no antithrombotic therapy. 
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FIGURE 7. Actuarial freedom from hemorrhagic cerebrovascular events (CVE) for patients with St. Jude prosthesis treated with 
warfarin, warfarin and dipyridamole, aspirin and dipyridamole or no antithrombotic therapy. 


St. Jude prosthetic valves given modest doses of warfa- 
rin. The incidence of anticoagulation-related hemor- 
rhage in our study was low with this modest dose of 
warfarin. Patients with double prosthetic valves (mitral 
and aortic) in our study whose anticoagulation was 
maintained at 1.8 to 2 times control (20 to 25 seconds) 
with larger doses of warfarin had a higher incidence of 
anticoagulation-related hemorrhage. 

Role of antiplatelet therapy: Of the 8 patients re- 
ceiving antiplatelet therapy alone in our study, 4 had 
thromboembolic events and none had hemorrhagic com- 
plications. Of the 10 patients receiving neither warfarin 
nor antiplatelet therapy, 3 had thromboembolic events 
and none had hemorrhagic complications. Although 
small in numbers, pairwise comparison of thromboem- 
bolic complications show that these findings are in 
agreement with previous studies documenting the in- 
creased risk of thromboembolism in patients with St. 
Jude prosthetic valves receiving either antiplatelet ther- 
apy alone or no anticoagulant or antiplatelet therapy. 
More studies with larger numbers of patients seem indi- 
cated to evaluate further the role of antiplatelet therapy 
in addition to low dose warfarin anticoagulation to de- 
crease the incidence of thromboembolism without in- 
creasing the risk of anticoagulation-related hemorrhage. 
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CARDIOMYOPATHY 


Assessment of Diastolic Filling Indexes Obtained 
by Radionuclide Ventriculography 


Ralph A.H. Stewart, MB, and William J. McKenna, MD 


This study assesses how differences in residual 
volume and heart rate influence the measurement 
and interpretation of commonly used indexes of left 
ventricular filling obtained by radionuclide ventric- 
ulography. Thirty patients with hypertrophic car- 
diomyopathy (HC) and 26 normal subjects were 
studied. The time to peak filling rate (168 + 42 vs 
139 + 35 ms; p = 0.006) and time to 30% filling 
(154 + 32 vs 131 + 29 ms; p = 0.009) were pro- 
longed in patients with HC compared to normal 
subjects, suggesting impaired early diastolic filling. 
However the peak filling rate, measured in end-dia- 
stolic counts/s, was greater in patients with HC 
(3.31 + 0.89 vs 3.06 + 0.51, p = 0.19). This mea- 
surement was influenced by the relative residual 
volume (HC r = 0.41, p <0.001; normal r = 0.29, 
difference not significant), which was smaller in pa- 
tients with HC (22.4 + 8.0 vs 35.5 + 5.6%; p 
<0.0001). The peak filling rate measured in stroke 
volume counts did not vary with the relative residu- 
al volume (HC r = 0.10, difference not significant; 
normal r = —0.21, difference not significant) and 
was less than normal in patients with HC (4.27 + 
0.69 vs 4.72 + 1.0; p = 0.58). There was a strong 
association between the first third filling fraction 
and the heart rate (HC r = 0.66, p <0.001; normal 
r = 0.71, p <0.001), reflecting its dependence on 
the duration of the first third of diastole. The peak 
filling rate, measured in end-diastolic counts, and 
the first third filling fraction are poor measures of 
left ventricular filling because they are influenced 
by residual volume and heart rate, respectively. 
(Am J Cardiol 1990;65:226-230) 
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oninvasive techniques, including radionuclide 
JN rcttsctoniy pulsed Doppler ultrasound and 

M-mode echocardiography, have recently be- 
come more widely used to assess left ventricular (LV) 
diastolic function.! Abnormalities of LV filling have 
been identified in patients with coronary artery dis- 
ease,*© systemic hypertension,’-!° hypertrophic cardio- 
myopathy (HC)!®!5 and with increasing age.'®!’ The 
reproducibility of indexes has been assessed!3:!8 and in- 
dexes obtained by different techniques have been com- 
pared.!?-23 However, the root value of an index of dia- 
stolic function will depend on how sensitive it is to ab- 
normal diastolic filling and whether it is influenced by 
factors other than LV filling, which would make inter- 
pretation difficult. This study assesses the value and 
limitations of several commonly used indexes of diastol- 
ic filling derived from the radionuclide time-activity 
curve in a group of normal subjects and a group of pa- 
tients with HC. 


METHODS 

Radionuclide ventriculography was performed on 26 
volunteers (mean age 39 years, range 22 to 68) who had 
no clinical or electrocardiographic evidence of cardiac 
disease and a normal blood pressure (<140/90 mm Hg) 
and 31 patients with HC (mean age 43 years, range 17 
to 70). All subjects gave informed consent. The diagno- 
sis of HC required evidence of LV hypertrophy without 
a physiologic stimulus for hypertrophy and was con- 
firmed by electrocardiography and 2-dimensional echo- 
cardiography (maximum LV wall thickness >14 mm) 
in all patients. Seventeen patients had systolic anterior 
motion of the mitral valve. The mean maximum LV 
wall thickness was 19.6 + 3.6 (standard deviation) mm. 

Equilibrium gated blood pool ventriculography was 
performed at rest in the supine position, after in vivo 
labeling of red blood cells with technetium-99m. Images 
were acquired using a large field of view gamma cam- 
era oriented in the 45° left anterior oblique projection 
with caudal tilt to isolate the left ventricle. Data was 
acquired in list mode from 600 to 900 consecutive cardi- 
ac cycles. Cycles that were more than 20% from the 
mean cycle length were rejected. A background-correct- 
ed LV time activity curve was generated at a frame rate 
of 10 to 25 ms. The computer used a least-squares 
smoothing algorithm to obtain a smoothed curve and 
from this calculated the ejection fraction and indexes of 
diastolic filling. 

The peak filling rate was calculated as the maxi- 
mum rate of increase in counts during the passive phase 
of filling, measured in end-diastolic counts. The peak 
filling rate was measured in stroke volume counts/s by 
dividing the peak filling rate in end-diastolic counts/s 


TABLE I Diastolic Filling Indexes in Normal Subjects and Patients with Hypertrophic Cardiomyopathy 


HC Pts 
(n = 31) 


Normal Subjects 
(n = 26) 


95% Confidence 
Interval 


Difference 
Between Means 


35+6 
3.06 + 0.51 
4.72 + 0.69 
139 + 35 
131 + 29 

48 +19 


23+8 
3.31 + 0.89 
4.27+1.0 
168 + 42 
154 + 32 

41 17 


Ejection fraction 

PFR (EDC /s) 

PFR (SVC /s) 

Time to PFR (ms) 

Time to 30% filling (ms) 
First third filling fraction (%) 





Data are mean + standard deviation. 





EDC/s = end-diastolic counts /s; HC = hypertrophic cardiomyopathy; PFR = peak filling rate; SVC /s = stroke volume counts/s. 


by the ejection fraction. The time to peak filling rate 
was defined as the time from the minimum volume to 
the peak filling rate. The first third filling fraction was 
obtained by measuring the percent of the stroke volume 
in the left ventricle after one-third of the time between 
minimum volume and the subsequent R wave. The time 
to 30% filling was defined as the time from minimum 
volume to filling of the first 30% of the stroke volume 
(Figure 1). 

Statistics: The mean and standard deviation, the dif- 
ference between the means and the 95% confidence in- 
tervals of the differences between the means are given. 
The 95% confidence intervals were calculated using the 
unpaired 2-sample ź test. The correlation coefficient was 
obtained using the BMDP statistical package and levels 
of significance estimated from the appropriate ¢ tables. 
A p value >0.05 was regarded as not significant. 


RESULTS 

Influence of ejection fraction on peak filling rate 
measured in end-diastolic counts/s and stroke volume 
counts/s: The peak filling rate measured in stroke vol- 
ume counts/s gave a lower measure than the peak fill- 
ing rate in end-diastolic counts/s in patients with HC 
compared to normal subjects (Table I). This difference 
is accounted for by a larger ejection fraction in patients 
with HC (p <0.0001) and is illustrated in Figure 2. The 


left ventricular volume 
( % stroke volume) 





peak filling rate measured in end-diastolic counts/s was 
more strongly correlated with the ejection fraction in 
patients with HC who had a wider range of ejection 
fractions (normal, r = 0.29, difference not significant; 
HC, r = 0.41; p <0.001). There was no significant asso- 
ciation between the ejection fraction and the peak filling 
rate in stroke volume counts/s (normal, r = —0.01, dif- 
ference not significant; HC, r = 0.03, difference not sig- 
nificant). 

Influence of heart rate on diastolic filling indexes: 
There was a strong correlation between heart rate and 
the first third filling fraction (normal, r = 0.71, p 
<0.01; HC, r = 0.66, p <0.01). This can be accounted 
for by the strong correlation between the time for the 
first third of diastole and the heart rate (normal, r = 
0.703, p <0.01; HC, r = 0.944, p <0.01). The regres- 
sion equations for the first third filling fraction (y) and 
heart rate (x) were: normal, y = 150 — 1.45x, r? = 
0.464; HC, y = 101 — 0.91x, r? = 0.382. The associa- 
tions between heart rate and time to 30% filling (nor- 
mal, r = 0.08, difference not significant; HC, r = 0.36, 
p <0.05) and time to peak filling rate (normal, r = 
—0.23, difference not significant; HC, r = 0.35, p 
<0.05) were weak (Figure 3). 

Comparison of indexes of early diastolic filling: The 
mean time to peak filling rate (p = 0.006) and time to 
30% filling (p = 0.009) were increased in patients with 


-_<-- 


oe 
Re ey 


t 2/3 diastole 


FIGURE 1. Measurement of indexes of early diastolic filling from the left ventricular time-activity curve. Note effect of change in 
heart rate from R to R* on the first third filling fraction (1/3FF), assuming no change in early diastolic filling. T 1/3D = time for 
the first third of diastole; t 30%F = time to 30% filling; t PFR = time to peak filling rate. 
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HC compared to normal subjects; this suggests im- 
paired early diastolic filling (Table I). The peak filling 
rate measured in stroke volume counts/s was less in pa- 
tients with HC but did not distinguish between normal 
subjects and patients with HC as clearly as the time to 
30% filling or the time to peak filling rate (Table I). 
The increased mean peak filling rate measured in end- 
diastolic counts/s did not suggest impaired early dia- 
stolic filling in HC. 

There was a close association between the time to 
peak filling rate and the time to 30% filling (normal, r 
= 0.845, p <0.01; HC, r = 0.944, p <0.01) but the first 
one-third filling fraction was more weakly associated 
with both these measurements (vs time to peak filling 
rate: normal, r = —0.283, difference not significant; 
HC, r = —0.133, difference not significant; vs time to 
30% filling: normal, r = —0.575, p <0.01; HC, r = 
—0.278, difference not significant) (Figure 4). 

The time to peak filling rate occurred on average 
slightly later than the time to 30% filling (normal, 7.8 
ms; HC, 14.5 ms) and the difference between these 2 
times tended to increase as the average of the 2 times 
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FIGURE 2. Left ventricular 


increased (normal, r = 0.21, difference not significant; 
HC, r = 0.451, p <0.01) (Figure 5). 


DISCUSSION 

We have compared the sensitivity of different radio- 
nuclide indexes to impaired early diastolic filling, which 
has been well described in HC.!°!5 We have also as- 
sessed how differences in residual volume and heart rate 
influence commonly used indexes of diastolic filling. Pa- 
tients with HC were slightly older and this may have 
contributed to the differences from the normal sub- 
jects.'®!7 An important limitation of this and other non- 
invasive studies of LV filling is the lack of an accepted 
“gold standard” against which different measurements 
can be compared. Invasive methods can be used to mea- 
sure LV relaxation and stiffness, but the relation be- 
tween these measurements and filling indexes has not 
been clearly defined.! 

Differences in residual volume in patients with HC 
were associated with changes in the peak filling rate 
measured in end-diastolic counts/s but not the peak fill- 
ing rate measured in stroke volume counts/s. Other in- 


stroke 
volume 


residual 
volume 





curves measured relative to end-diastolic left ventricular volume (A1, AZ) and stroke 


time-activity 
volume (B1, B2) in a normal subject and a patient with hypertrophic cardiomyopathy (HC). The peak filling rate (PFR) appears 
measured relative 


to decrease in the patient with HC compared to the normal subject when it is 
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to stroke volume. 





vestigators** have also found an association between the 
peak filling rate measured in end-diastolic counts/s and 
the ejection fraction, a measure of relative residual vol- 
ume. For this reason the peak filling rate measured in 
end-diastolic counts/s, which has been widely used as a 
measure of early diastolic filling, is difficult to interpret 
when comparing patients with different ejection frac- 
tions. This may also explain the poor correlation be- 
tween the radionuclide peak filling rate measured in- 
end diastolic counts/s and the pulsed Doppler peak 
filling rate, despite a good correlation between other 
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FIGURE 3. Relation between heart rate (measured as RR in- 
terval) and the time for the first third of diastole (i), the first 
third filling fraction (ii), and the time to peak filling rate (PFR) 
(iii). Note that the mean first third filling fraction is greater in 
normal subjects than patients with hypertrophic cardiomyopa- 
thy (HC), but the individual values are strongly influenced by 
the RR interval. 





diastolic indexes measured using the 2 techniques.?!,23 
The peak filling rate measured in stroke volume counts/ 
s overcomes this limitation. Bowman et al”? noted a 
good correlation between it and the peak filling rate 
standardized to stroke volume measured using pulsed 
Doppler ultrasound. 

Although the accuracy of time measurements in ra- 
dionuclide ventriculography is limited by the frame 
rate, the time to peak filling rate and the time to 30% 
filling were the most sensitive indexes of abnormal early 
diastolic filling in HC. The peak filling rate measured in 
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FIGURE 4. Relation between the time to peak filling rate and 
the time to 30% filling (i), and the first third filling fraction (ii). 
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FIGURE 5. Comparison of the time to peak filling rate (PFR) 
and the time to 30% filling. Note that the time to PFR is on 
average slightly longer than the time to 30% and this 
difference tends to increase as the time for earty fill- 
ing increases (the average of the 2 measurements is plotted). 
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stroke volume counts/s may be less sensitive because of 
its dependence on stroke volume and preload,? which 
may be increased in patients with HC who often have 
mitral regurgitation.!> 

The strong dependence of the first third filling frac- 
tion on the heart rate limits its value and this cannot be 
easily overcome by dividing the index by the RR inter- 
val. This simple correction?” does not take into account 
slowing of filling after the peak filling rate and the non- 
linear relation between the heart rate and the duration 
of diastole.?6 

These findings cannot necessarily be extended to 
other diseases in which the relation between diastolic 
indexes, ejection fraction and heart rate could be differ- 
ent. However, the findings suggest that the influence of 
factors other than LV filling should be considered when 
interpreting commonly used radionuclide indexes of 
“diastolic function.” 
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CONGENITAL HEART DISEASE 





Characteristics and Natural History of Abnormal 
Atrial Rhythms in Left lsomerism 


Kazuo Momma, MD, Atsuyoshi Takao, MD, and Toshimitsu Shibata, MD 


The object of this study is to document variation in 
atrial pacemaker rate and P-wave axis, and to clar- 
ify the natural history of abnormally slow atrial 
rhythms in left isomerism. Standard 15-lead elec- 
trocardiograms of 50 patients with left isomerism 
were retrospectively studied. On the average, 9 
electrocardiograms covering 7 years for each 
patient were available. For comparison, atrial 
rhythms in patients with right isomerism and in 
those with situs solitus and 5 representative con- 
genital cardiac conditions were studied with the 
same study protocol. 

In left isomerism, atrial rhythm with constantly 
normal P-wave axis was exceptional and the pres- 
ence of atrial rhythm with abnormal P-wave axis 
was the rule. The most frequent abnormal mean 
frontal P-wave axis was between -30 and —90°, 
recorded in 70%. Slow atrial rates below the sec- 
ond percentile were observed in 50%, either tran- 
siently and recurrently (in 40%), or persistently (in 
10%), and were associated with junctional escape 
in 42%. The number of patients with slow atrial 
rate increased with age. In right isomerism, multi- 
ple atrial rhythms were also frequent, but slow atri- 
al rhythm was present in only 4%. Multiple atrial 
rhythms or bradycardia associated with junctional 
escape were rare in the group of patients with con- 
genital heart disease and situs solitus. It is conclud- 
ed that multiplicity and progressive slowing of the 
atrial rhythm are characteristic in patients with left 
isomerism. 

(Am J Cardiol 1990;65:231-236) 
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complex characterized by bilateral left-sided- 

ness, usually with polysplenia.'!-? Associated 
cardiac anomalies are variable and often complex.>4 
Histologic studies in the last decade have revealed ec- 
topic location and hypoplasia of atrial nodal tissue in 
left isomerism.>-’ Corresponding to these histologic ab- 
normal locations of atrial nodal tissues, electrocardio- 
grams in left isomerism have revealed multiple atrial 
rhythms with abnormal P-wave axes.*.? Association of 
left isomerism with atrioventricular block has been well 
documented.!° However, the complex nature of atrial 
rhythms in left isomerism remains to be fully clarified. 
This study documents variations of P-wave rates and 
axes in a large number of patients with left isomerism, 
and clarifies the relation between atrial pacemaker rate 
and age. 


A trial and pulmonary isomerism form an anomaly 


METHODS 

Electrocardiograms of 50 patients with left isomer- 
ism were reviewed retrospectively. These were consecu- 
tive patients (32 males, 18 females) who were admitted 
to this institute from 1983 to 1987. Follow-up ranged 
from 0 to 19 years. All patients had routine cardiac 
studies including echocardiography and cardiac cathe- 
terization. All patients had intracardiac anomalies as 
listed in Table I. In all 50 patients, left pulmonary isom- 
erism was diagnosed by chest radiograms? and selective 
pulmonary artery angiography.!! This diagnostic criteri- 
on consists of bilateral presence of anatomic left pulmo- 
nary artery and bronchus (hyparterial bronchus). How- 
ell-Jolly bodies were not found in the peripheral blood 
of any patient. Multiple spleens were noted on techne- 
tium-99m scintigraphy of the spleen in 13 patients. In 
the remaining patients, splenic scintigrams were not 
available. Multiple spleens were confirmed by autopsy 
in another patient. 

Four hundred fifty electrocardiograms were re- 
viewed, an average of 9 electrocardiograms/ patient cov- 
ering a period of 7 years. These electrocardiograms 
were recorded without any premedication with 6-chan- 
nel recorders and paper speed of 25 mm/s. Usually pa- 
tients were fully awake during the recording. About 10 
heart beats were recorded in each lead. Six limb leads 
or V,; through Vę chest leads were recorded simulta- 
neously, and made it possible to analyze ectopic atrial 
pacemakers and P-wave axis in those patients with wan- 
dering or shifting pacemakers. Electrocardiograms after 
intracardiac surgery, during digitalis therapy or after 
administration of drugs were excluded from the analy- 
sis. In each electrocardiogram, P waves were checked 
for morphology, PR interval, atrial rate and mean P- 
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TABLE I Associated Anomalies in 50 Patients with Left 
Isomerism 


Anomalies 





Position of heart and stomach 


Levocardia and left-sided stomach 21 
Levocardia and right-sided stomach 14 
Dextrocardia and left-sided stomach 9 
Dextrocardia and right-sided stomach 6 
Connections of venae cavae to atria 
Bilateral superior venae cavae to ipsilateral atria 18 
Azygos or hemiazygos connection of inferior vena cava 34 
(others are shown in Figure 3) 
Atrial septum 
Atrioventricular septal defect or common atrium 43 
Secundum atrial septal defect 4 
Intact atrial septum 3 
Type and mode of atrioventricular connection 
Type of connection 
Biventricular heart with right-hand pattern 22 
Biventricular heart with left-hand pattern 16 
Double inlet right ventricle 9 
Double inlet left ventricle 3 
Mode of connection 
Common valve 34 
Two perforate valves 16 
Ventricular septum in 38 biventricular hearts 
Intact ventricular septum 1 
Ventricular septal defect 9 
Atrioventricular septal defect-partial 4 
Atrioventricular septal defect-complete 34 
Ventriculo-arterial junction 
Pulmonary artery 
Pulmonary atresia 5 
Pulmonary stenosis 26 
No pulmonary stenosis, no pulmonary hypertension 2 
No pulmonary stenosis, pulmonary hypertension 17 
(origin of aorta in 38 biventricular heart) 
From left ventricle 15 


From right ventricle in double-outlet right ventricle 
From right ventricle in levo-transposition 


wave frontal axis. Atrial and ventricular rates were cal- 
culated from 6 successive intervals in limb leads and 6 
intervals in chest leads. 
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Atrioventricular block was present in 25 (50%) of 50 
patients; 15 had first-degree block, 6 had second-degree 
block and 4 had third-degree block. In 13 of these 25 
patients, progression of atrioventricular block was docu- 
mented during the course of observation. We analyzed 
P waves and atrial rhythms regardless of the presence 
or absence of atrioventricular block. 

Mean frontal axis of the P wave was calculated with 
standard methods.!? P waves whose mean frontal axis 
differed by >60° were diagnosed as indicating differing 
atrial origin. Those rhythms with abnormally short PR 
intervals were included in junctional rhythm. Normal 
ranges of the PR interval and P rate in children were 
adopted from published reports.!? Slow atrial rate is de- 
fined by P rate below 2 percentiles for age. For young 
adults over 16 years, heart rates <60 beats/min were 
defined as slow, because this is the lower limit of normal 
heart rate in adolescents. !%!3 

For comparison with left isomerism, atrial rhythms 
of patients with right isomerism and those of 5 patients 
with congenital heart diseases with situs solitus were 
studied with the same protocol. These included 50 
patients with right isomerism, 50 patients with small 
ventricular septal defects, 50 patients with tetralogy 
of Fallot including 22 patients with pulmonary atresia, 
14 patients with atrioventricular septal defect, 20 pa- 
tients with congenitally corrected transposition of the 
great arteries and 16 patients with double-outlet right 
ventricle. 


RESULTS 

Multiple atrial rhythm: Patients with abnormal atri- 
al rhythms in each group are shown in Table II. In left 
isomerism, atrial rhythms with P axis >+90° or <0° 
were common; they were present in 49 of 50 patients, 
with only 1 patient showing persistent atrial rhythm 
with normal P axis. Multiple atrial rhythms were also 
common and were present in 34 of 50 patients with left 
isomerism (Figure 1). Usually these rhythms appeared 
on different occasions in the out-patient clinic. The 


FIGURE 1. Three different P 
waves recorded on different 
days in a 6-year-old boy with 
left isomerism. Associated 
cardiovascular anomalies in- 
cluded levocardia {A,D,D}, 
left-sided superior vena cava, 
left-sided inferior vena cava 
connected to hemiazygos 
vein, common atrium, com- 
mon atrioventricular valve, 
double outlet right ventricle, 
ventricular septal defect and 
pulmonary stenosis. P wave 
axes in these electrocardio- 
grams (paper speed 25 mm/ 
s) were +40° (A), +140° (B) 
and —140° (C). 
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TABLE II Numbers of Patients with Abnormalities of Atrial Rhythms in Left and Right Isomerism and Five Other Congenital Heart 


Diseases with Situs Solitus 


Left 
lsomerism 


Right 
Isomerism 
(n = 50) 


VSD T of F 
(n = 50) (n = 50) 


Endocardial 
Cushion Defect 


Double-Outlet 
Right Ventricle 


Congenitally 
Corrected 
Transposition 
(n = 20) 


Mean age (yrs) 70 


Range 0-29 
ECGs /patient 10.1 7.6 
Slow atrial rate (%) 2 (4) 10 (20) 
Transient 0 10 
Persistent (%) 2 (4) 0 
Junctional escape (%) 2 (4) 0 
Multiple atrial rhythms (%) 37 (74) 3 (6) 
P-wave axis (%) 
0 to 90° 40 (80) 50 (100) 
>90 or <0° 54 (108) 3 (6) 
—1 to —90° 4 l 
91 to —91° 47 (94) 2 


ECGs = electrocardiograms; T of F = tetrology of Fallot; VSD = ventricular septal defects. 





numbers of the atrial rhythms in each patient were 1 in 
16, 2 in 23, 3 in 9 and 4 in 2 patients, with an overall 
average of 1.94 different atrial rhythms/patient. 

The mean frontal P-wave axis in these patients was 
distributed in a wide range as shown in Figure 2. Values 
for children under 1 year were plotted in a central cir- 
cle. Atrial rhythm with axis between —30 and —90° 
was the most frequent rhythm; it was observed in 35 
patients. 

The relation of these atrial rhythms and patterns of 
the connections of both caval veins to the atria are 
shown in Figure 3. Some correlations between laterality 
of caval connection and P-wave axes were noticed. That 
is, in those patients in which both cavae connected to 
the right side of the atria, 80% of P waves showed axis 
between +90, 0 and —90°, as shown in the 4 left cavo- 
atrial patterns in Figure 3. In contrast, in those patients 
in which both cavae connected to the left side of the 
atria, P wave axes distributed evenly. Bilateral superior 
venae cavae were associated with right and left atrial 
rhythm with equal frequency. 

In 5 patients with congenital heart diseases and situs 
solitus, atrial rhythms other than normal sinus rhythm 
were rare (Table I). Low right atrial or left atrial 
rhythms were observed transiently in those patients who 
had normal sinus rhythm on other occasions. In right 
isomerism, multiple atrial rhythms were documented in 
74%. However, superiorly oriented P-wave axes were 
rare, as listed in Table II. 

Atrial pacemaker rate: Slow atrial rhythm was ob- 
served in 25 of 50 patients with left isomerism, tran- 
siently and recurrently in 20 and persistently in 5 pa- 
tients. Chronologic study of electrocardiograms in each 
individual revealed a definite tendency toward progres- 
sive slowing of atrial rate in these patients. Slow atrial 
rhythm transmitted to the ventricle without junctional 
escape in 4 patients as shown in Figure 4, but in the 
remaining 21 patients, junctional rhythm took place as 
an escape rhythm. The ages of patients with transient 
and recurrent slow atrial rate ranged from neonate to 
15 years (average 5 years). The ages of the 5 patients 
with persistent slow atrial rate ranged from 2 to 33 





1 (2) 6 (30) 
20 (100) 
6 (30) 

2 
l 4 


50 (100) 16 (100) 17 (100) 
0 1 (7) 0 


years (average 8). In 2 of these 5 patients, initial tran- 
sient slow atrial rate changed to persistent slow atrial 
rate, one at 3 years and another at 6 years of age. In no 
instance was tachyarrhythmia associated with these 
slow atrial rates. Fourteen unselected patients were fol- 
lowed from 0 to at least 5 years of age and their atrial 
rates are plotted in Figure 5. In at least 3 patients, slow 
atrial rate developed between 2 and 8 years of age. 
Age distribution of slow atrial rates of these 50 pa- 
tients is shown in Figure 6 (which also includes data 
from patients in Figure 5). Patients with recurrent tran- 


FIGURE 2. Mean frontal plane axis of P wave in left isomer- 
ism. Those under the age of 1 year are shown in the central 
circle (shaded area). P-wave axis is distributed widely, and 
axes between —30 to —90° are most frequent. 
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TABLE Ill Numbers of Atrial Rhythms in Patients with Left 
Isomerism with Normal Atrial Rate or Slow Atrial Rate 


No. of Atrial Rhythms in Each Pt 1 


With normal atrial rate (n = 26) 
With slow atrialrate (n = 24) 
Total (n = 50) 


sient slowing of the atrial rate were also included in the 
slow group. Patients were divided into 5 age groups. 
Many patients spanned 2 or more age groups in the 
course of this study. If 1 patient had both normal and 
slow atrial rate in the same age range, this patient was 
counted as having slow atrial rate. Figure 6 shows a 
definite tendency for development of slower atrial rates 
as age advances. Slow atrial rate was observed in 22% 
under age 1 year, with an increase to 65% between 15 
and 30 years of age. Junctional rhythm without identifi- 


+90 


PATTERN OF 
VENAE CAVAE 


NUMBER OF CASES:8 1 
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able P wave appeared as an escape mechanism in these 
21 patients with slow atrial rate, persistently in 4 and 
transiently in 17 patients. The rates of the junctional 
rhythm were below the second percentile of the normal 
sinus rates! and between 48 and 65/min in 17 patients. 
In the remaining 4 patients, the rates of the junctional 
rhythm were between 65 and 100/min, and these corre- 
spond to the second to twenty-fifth percentile of the nor- 
mal rate.!? 

To see the effect of multiple atrial rhythms on slow- 
ing of the atrial pacemaker, the numbers of P waves in 
patients with consistently normal atrial rates and those 
with slow atrial rates are listed in Table III. Most pa- 
tients with slow atrial rate had 2 or 3 different P waves. 

Slowing of the P waves was rare in right isomerism; 
it was observed in only 2 of 50 patients (Table II). In 5 
patients with congenital heart diseases and situs solitus, 
sinus bradycardia below the second percentile was occa- 


FIGURE 3. Mode of 
connection of venae 
cavae to the atria and 
mean frontal plane 
axis of the P wave. 
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Sioa a dors a res daala ia at at kalaa aa ea 13-year-old girl with 
isomerism. Paper speed was 25 mm/s. Associated anomalies were limited to azygos connection of inferior vena cava and 
persistent left superior vena cava draining to the coronary sinus. Sinus node recovery time, estimated by 
electrophysiologic study in the catheterization laboratory, was prolonged to 5,400 ms. 
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sionally observed. Sinus bradycardia was most frequent 
between 7 and 14 years, and at these ages, 25% of pa- 
tients with ventricular septal defect or tetralogy of Fal- 
lot showed sinus bradycardia on some occasion. How- 
ever, the degree of bradycardia was generally mild in 
these patients with situs solitus, and junctional escape 
was seen only rarely, in contrast to the usual association 
of junctional rhythm in slow atrial rate of left isomer- 
ism. 

Symptoms: Symptoms directly related to slow atrial 
rates were not observed in any patients. One patient 
with both slow atrial rate and advanced atrioventricular 
block developed Adams-Stokes attack due to transient 
ventricular tachycardia at age 8 years, and received an 
artificial pacemaker. Congestive heart failure might be 
aggravated by bradycardia due to slow atrial rate in 


FIGURE 5. Atrial rates in 14 patients with 
left isomerism who were followed from in- 
fancy up to 5 years or more. Normal 
range (2 to 98 percentiles) is shown 
(shaded area). In 3 or 4 cases, slow atrial 
rate developed between 2 to 8 years of 


age. 





FIGURE 6. Frequency 
of slow atrial rate in 
left isomerism in 5 age 










these patients, but was never related solely to atrial slow 
rate. 


DISCUSSION 

During the last decade, studies of atrial conduction 
tissue in left isomerism have revealed that sinus node 
tissue is located not in the normal position, but in the 
lateral atrial wall*? near the ostium of the coronary si- 
nus,° or in the right upper and left upper atrial walls.’ 
In this study, multiple atrial rhythms with various P- 
wave axes were present in patients with left isomerism, 
suggesting the presence of multiple pacemaker tissue in 
both right and left sides of the atria or at several cranio- 
caudal levels of atria in the same individual. The exact 
location of the individual atrial rhythm in left isomerism 
remains to be determined. 
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Recent histologic studies have shown hypoplasia of 
ectopic sinus nodes in left isomerism.*°? In some pa- 
tients, hypoplasia was so extreme that sinus node tissue 
was not recognized in serial sections cut every 0.5 mm.° 
These histologic findings correspond with the progres- 
sive slowing of atrial rhythms in left isomerism in the 
present study. In several histologic studies in adults with 
sinus node dysfunction, the most constant findings were 
decrease in sinus node cells and increase in fibrosis of 
the atrial wall.!4-!© Decrease in sinus node cells is com- 
mon in sinus node dysfunction in adults and in slow 
atrial rhythms in children with left isomerism. 

The reason that slow atrial rhythms were not noticed 
in early studies seems 2-fold. One is the mild and tran- 
sient slowing of the atrial rhythm in left isomerism. In a 
recent report by Wren et al,'° prolonged atrial pauses 
were recorded during sleep in 2 patients with left atrial 
isomerism. These 2 patients appear to belong to the 
same category as those with slow atrial rate in our 
study. In many patients in our study, slow atrial rhythm 
and junctional escape were transient and asymptomatic. 
Another reason that slow atrial rates have been missed 
may be related to its slowly progressive course. We 
studied a large number of patients in later childhood 
and in young adulthood. In contrast, usually only 1 elec- 
trocardiogram was studied in each patient, and at an 
early age, in earlier reported studies.*"! 

Established abnormalities in left isomerism include 
abnormal P-wave axis® and occasional atrioventricular 
block.!° The present study has shown that slow atrial 
rate associated with junctional escape is another electro- 
cardiographic finding with left isomerism. These slow 
atrial rates and junctional escape are transient in many 
patients and can be missed easily. However, these elec- 
trocardiographic abnormalities may be the first clinical 
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clue enabling early recognition of the diagnostic possi- 
bility of left isomerism. 


Acknowledgment: Editorial help of Leonard M. 
Linde, MD, Professor of Pediatrics, University of 
Southern California School of Medicine, is highly ap- 
preciated. 


REFERENCES 

1. Moller JH, Nakib A, Anderson RC, Edwards JE. Congenital cardiac disease 
associated with polysplenia. A developmental complex of bilateral left-sidedness. 
Circulation 1967 ;34:789-799. 

2. Van Mierop LHS, Gessner IH, Schiebler GL. Asplenia and polysplenia syn- 
dromes. Birth Defects 1972,;8:36-44. 

3. Becker AE, Anderson RA. Pathology of Congenital Heart Disease. London: 
Butterworths, 1981:2] 1-224. 

4. Anderson RH, Macartney FJ, Shinebourne EA, Tynan M. Paediatric Cardiol- 
ogy. Edinburgh: Churchill Livingstone, 1987:473-496. 

5. Dickinson DF, Wilkinson JL, Anderson KR, Smith A, Ho SY, Anderson RH. 
The conduction system in situs ambiguus. Circulation 1979;59:879-885. 

6. Bharati S, Lev M. The conduction system in dextrocardia. Circulation 
1978;57:163-171. 

7. Pohanka I, Vitek B. The conduction system of the heart in the syndrome of 
visceral symmetry. Folia Morphol (Praha) 1978;26:379-388. 

8. Momma K, Linde LM. Abnormal P wave axis in congenital heart disease 
associated with asplenia and polysplenia. J Electrocardiol 1969;2:395-402. 

9. Momma K, Linde LM. Cardiac rhythms in dextrocardia. Am J Cardiol 
1970;25:620-627. 

10. Wren C, Macartney FJ, Deanfield JE. Cardiac rhythm in atrial isomerism. 
Am J Cardiol 1987;59:1156-1158. 

11. Bargeron LM Jr. Angiographic recogniton of specific anatomic structures. In: 
Becker AE, Losekoot TG, Marcelletti C, Anderson RH, eds. Pediatric Cardiolo- 
gy. Volume 3. Edinburgh: Churchill Livingstone, 1981:33-47. 

12. Garson A Jr. The Electrocardiogram in Infants and Children. Philadelphia: 
Lea & Febiger, 1983:36, 56, 64, 83, 396. 

13. Davignon A, Rautaharju P, Boisselle E, Soumis F, Megelas M, Choquette A. 
Normal ECG standards for infants and children. Pediatr Cardiol 1979/1980;1: 
123-131. 

14. Sugiura M, Okawa S. A clinicopathologic study on sick sinus syndrome with 
histological approach to the sinoatrial node. Jpn Circ J 1980;44:497-504. 

15. Rasmussen K. Chronic sinoatrial heart block. Am Heart J 1971,81:38-47. 
16. Kaplan BM, Langendorf R, Lev M, Pick A. Tachycardia-bradycardia syn- 
drome (so-called sick sinus syndrome). Am J Cardiol 1973;31:497-508. 








MISCELLANEOUS 


Doppler Echocardiographic-Determined Changes 
in Left Ventricular Diastolic Filling Flow Velocity 
During the Lower Body Positive and Negative 
Pressure Method 


Toshiyuki Takahashi, MD, Masahiko lizuka, MD, Hiroshi Sato, MD, Takashi Serizawa, MD, 
Shin-ichi Momomura, MD, Takatoshi Mochizuki, MD, Osami Kohmoto, MD, 
Teruhiko Aoyagi, MD, Hiroshi Matsui, MD, Hiroshi Ikenouchi, MD, 

Tsuguya Sakamoto, MD, and Tsuneaki Sugimoto, MD 


Changes in parameters of left ventricular (LV) 
diastolic filling flow obtained with Doppler 
echocardiography during the lower body positive 
and negative pressure method were analyzed in 15 
patients (12 with coronary artery disease and 3 
with dilated cardiomyopathy). Lower body pressure 
was altered at 5 steps (+20, +10, 0, —20 and —40 
mm Hg vs atmospheric pressure). Pulmonary capil- 
lary wedge pressure measured with a ballon-tipped 
catheter was changed proportionally with lower 
body pressure during the procedures (p <0.01),. 
Mean systemic arterial pressure was changed 
slightly during lower body positive pressure and 
negative pressure of —40 mm Hg. Heart rate was 
almost unchanged except at lower body pressure of 
—40 mm Hg. The peak velocity of LV early diastolic 
filling flow was changed with pulmonary capillary 
wedge pressure in an almost parallel fashion during 
the procedures (p <0.01). The peak velocity of LV 
late diastolic filling flow showed smaller changes 
than that of early diastolic filling flow. Changes in 
pulmonary capillary wedge pressure correlated 
positively with changes in the peak velocity of LV 
early diastolic filling flow (r = 0.759, p <0.01), but 
not with changes in the peak velocity of LV late 
diastolic filling flow (r = 0.039, not significant) dur- 
ing lower body negative pressure of -20 mm Hg. 
These data suggest that left atrial pressure is one 
of the important determinants of LV early diastolic 
filling flow in this acute clinical setting and that LV 
late diastolic filling flow is less sensitive to changes 
in left atrial pressure than LV early diastolic filling 
flow. 

(Am J Cardiol 1990;65:237-241) 
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have often been used to assess LV diastolic prop- 

erties,'~ particularly to estimate the rate of LV 
isovolumic relaxation.* ® On the other hand, both exper- 
imental’® and clinical?-!? studies suggested an impor- 
tant role of left atrial pressure in LV diastolic filling 
dynamics. Although the quantitative relations between 
left atrial pressure and parameters of LV diastolic fill- 
ing have been examined extensively in the experimental 
settings,’® they remain to be elucidated in patients. 
Lower body negative pressure method has been reported 
to reduce venous return in a stepwise manner.!? Left 
atrial pressure can also be decreased stepwise during 
this procedure. By contrast, lower body positive pressure 
method can increase left atrial pressure by augmenting 
venous return. Using both these methods, it seems possi- 
ble to control left atrial pressure stepwise in a wide 
range. Accordingly, we analyzed changes in parameters 
of LV diastolic filling flow, obtained with pulsed Dopp- 
ler echocardiography, and those in hemodynamic vari- 
ables, particularly pulmonary capillary wedge pressure 
as an index of left atrial pressure, during lower body 
positive and negative pressure. We also examined the 
correlations between changes in Doppler-derived pa- 
rameters and those in pulmonary capillary wedge pres- 
sure during the procedures. 


P arameters of left ventricular (LV) diastolic filling 


METHODS 

Subjects: We examined 15 men (mean age 55 years, 
range 36 to 71). Characteristics of these patients are 
listed in Table I. Twelve patients had coronary artery 
disease (7 had old myocardial infarction) and 3 had di- 
lated cardiomyopathy of unknown etiology. Patients 
with clinical evidence of mitral stenosis or aortic regur- 
gitation were excluded. These diagnoses had been con- 
firmed by diagnostic catheterization, including LV 
contrast cineangiography and coronary arteriography. 
Mitral regurgitation of a minimal degree (1+) was 
demonstrated by left ventriculography in 1 patient (no. 
14) and by Doppler echocardiography in 4 patients 
(nos. 5, 11, 12 and 14). No patient had taken -adre- 
nergic blockers for at least a week before the study. 
Other drugs such as calcium antagonists and nitrates 
were stopped on the day of the procedures. 

Hemodynamic measurements: Informed consent 
was obtained from all the subjects and the protocol was 
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approved by the Ethical Committee of the Hospital of 
the University of Tokyo. Right-sided heart catheteriza- 
tion was done percutaneously via the subclavian vein of 
either side. A 7Fr balloon-tipped thermodilution cathe- 
ter (Gould Inc.) was advanced into the pulmonary ar- 
tery and connected to a Statham PSO pressure transduc- 
er (Gould Inc.) to measure pulmonary capillary wedge 
pressure. A 23-gauge polyethylene tube was inserted 
into the radial or brachial artery percutaneously and 
connected to another Statham P50 pressure transducer 
to monitor peripheral arterial pressure. Pressure signals 
were amplified by a DS-1100 patient monitoring system 
(Fukuda Denshi, Ltd.) and recorded on a thermal array 
recorder AU-5001 (Fukuda Denshi, Ltd.) at a paper 
speed of 50 mm/s. 

Doppler and M-mode echocardiographic measure- 
ments: A color flow mapping Doppler echocardiograph 
(SSD-880, Aloka Ltd.) was used. Ultrasonic frequency 
was 2.5 MHz and pulse repetition rate was 2 kHz. Us- 
ing the apical approach, we imaged the LV long-axis 
view. A sample volume was positioned in the center of 
the mitral anulus in diastole, with reference to 2-dimen- 
sional echo images. We tried to maintain the sample 
volume at the same position throughout the procedures. 
The detected Doppler signals were analyzed with a 
spectral analyzer based on fast Fourier transform and 
recorded on a stripchart recorder (SSZ-95, Aloka Ltd.) 
at a paper speed of 50 mm/s. The peak velocities of LV 
early and late diastolic filling flow were calculated from 
the Doppler shifts determined as the midpoints of the 
Doppler spectrum and the angle between mitral inflow 
and the ultrasonic beam.!5 Measurements were done 
by 2 independent observers and averaged values were 
adopted for statistical analyses. 

Protocol: Patients were positioned supinely with the 
lower half of their bodies below iliac crests sealed in a 
transparent box made of acrylics. For lower body posi- 
tive pressure method we sent air into the box, and for 
lower body negative pressure method we evacuated the 
box with a vacuum cleaner pump. We controlled an in- 
tracavitary pressure of the box (lower body pressure) by 
changing the power of the pump and monitored this 
pressure with a sphygmomanometer. We initially in- 
creased lower body pressure to +20 mm Hg versus at- 
mospheric pressure, and then decreased it to +10, 0, 
—20 and —40 mm Hg stepwise, every 3 minutes. We 
performed hemodynamic and Doppler echocardiograph- 
ic measurements at the end of each step while the sub- 
jects held respiration at end-expiration. All the data 
points were obtained at the descending phase!* of lower 
body positive and negative pressure, where lower body 
pressure was always altered to a smaller value. 

Data analysis: Average values of 5 successive beats 
were used for the statistical analyses. All values were 
expressed as mean + standard deviation. We first at- 
tempted 2-way analysis of variance, and then compared 
the values obtained at lower body pressure of +20, +10, 
—20, or —40 mm Hg with those obtained at lower body 
pressure of 0 mm Hg using the paired ¢ test with Bon- 
ferroni’s correction!> if overall significant difference was 





found with analysis of variance. Linear correlation anal- 
ysis was also used. Significance was accepted at the p 
<0.05 level. 


RESULTS 

Changes in hemodynamic variables: Changes in he- 
modynamic variables during lower body positive and 
negative pressure are listed in Table I. Mean pulmonary 
capillary wedge pressure increased during lower body 
positive pressure and decreased during negative pressure 
significantly, in a fashion parallel to lower body pres- 
sure. Mean systemic arterial pressure increased during 
lower body positive pressure and decreased at lower 
body pressure of —40 mm Hg. Heart rate was almost 
unchanged except at lower body pressure of —40 mm 
Hg (9% increase from the value at lower body pressure 
of 0 mm Hg). 

Changes in Doppler echocardiographic variables: 
Figure 1 shows changes in LV diastolic filling flow ob- 
tained with Doppler echocardiography in 2 representa- 
tive patients, one with old myocardial infarction and one 
with dilated cardiomyopathy. 

Changes in Doppler echocardiographic variables 
during the procedures are also listed in Table I. The 
peak velocity of LV early diastolic filling flow increased 
during lower body positive pressure and decreased dur- 
ing negative pressure, in an almost parallel fashion with 
lower body pressure. By contrast, the peak velocity of 
LV late diastolic filling flow remained unchanged sig- 
nificantly except at lower body pressure of +20 mm 
Hg. 

Correlative relations between parameters of left 
ventricular diastolic filling flow and pulmonary capil- 
lary wedge pressure: A positive correlation was found 
between changes in the peak velocity of LV early dia- 
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FIGURE 1. Changes in left ventricular (LV) diastolic filling 
flow obtained with pulsed Doppler echocardiography in a pa- 
tient (no. 12, Table I) with posterior myocardial infarction 
(top) and a patient (no. 14, Table I) with dilated cardiomyopa- 
thy (bottom). The peak velocity of LV early diastolic filling 
flow (R) was changed with lower body pressure (LBP) almost 
in a parallel fashion during lower body positive and negative 
pressure method. Changes in the peak velocity of LV late 
diastolic filling flow (A) were less significant. 
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stolic filling flow and changes in pulmonary capillary 
wedge pressure during lower body negative pressure of 
—20 mm Hg (r = 0.759, p <0.01, Figure 2A). The 
changes were calculated by subtracting the values at 
lower body pressure of 0 mm Hg from those at lower 
body pressure of —20 mm Hg. In contrast, changes in 
the peak velocity of LV late diastolic filling flow did not 
correlate significantly with the changes in pulmonary 
capillary wedge pressure (r = 0.039, not significant, 
Figure 2B) during this step of lower body negative pres- 
sure. 


DISCUSSION 

In this study, we used lower body positive and nega- 
tive pressure method to control venous return. This 
method could change both pulmonary capillary wedge 
pressure and the peak velocity of LV early diastolic fill- 
ing flow stepwise in wide ranges. By contrast, only small 
changes were provoked in mean systemic arterial pres- 
sure and heart rate, indicating that only small changes 
occurred in LV afterload and sympathetic tone. 

Other investigators!!:!* have tried to reduce venous 
return using nitroglycerin while examining patients with 
Doppler echocardiography. They reported changes in 
Doppler-derived parameters of LV diastolic filling flow 
similar to those obtained during lower body negative 
pressure. Nitroglycerin could be given easily to patients, 
but could not alter left atrial pressure without affecting 
other parameters.!' Furthermore, it was difficult to al- 
ter venous return stepwise with this drug. 

We obtained LV diastolic filling flow with pulsed 
Doppler echocardiography, because this method could 
provide a noninvasive and direct evaluation of flow on 
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a beat-by-beat basis, independently from LV geome- 
try.!58:!! Other methods such as LV contrast cineangi- 
ography and radionuclide angiography were not feasible 
in this study, where repeated measurements of parame- 
ters of diastolic filling were required at short intervals. 

LV diastolic filling is a complex process determined 
by multiple factors.!° Some clinical studies*® stressed 
the exclusive importance of the rate of LV relaxation in 
early diastolic filling dynamics, but other experimen- 
tal’8 and clinical?:!!:!? studies suggested the importance 
of both left atrial pressure and the rate of relaxation. In 
the present study, changes in the rate of LV relaxation 
appeared to be small, because changes in LV afterload 
and sympathetic tone, which would have affected the 
rate of relaxation,!’:'* were small during the procedures. 
Isolated changes in preload are known not to alter the 
rate of LV relaxation significantly.'? Therefore, we 
could demonstrate the close relation between changes in 
left atrial pressure and the peak velocity of LV early 
diastolic filling flow especially during lower body nega- 
tive pressure of —20 mm Hg when mean arterial pres- 
sure and heart rate were unchanged. 

The peak velocity of LV late diastolic filling flow 
was less changed than that of early filling in this study. 
This finding is compatible with the results of the previ- 
ous clinical studies using nitroglycerin.!!!? The mecha- 
nism accounting for this phenomenon would be complex 
because LV late diastolic filling flow is determined not 
only by the factors affecting early diastolic filling, but 
also by pump function of the left atrium. An interplay 
between preload and afterload of the left atrium, both 
of which are in part determined by LV early diastolic 
filling volume, might be responsible for this finding. 
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FIGURE 2. A, correlation between changes in the peak velocity of left ventricular (LV) early diastolic filling flow (AR) and 
changes in pulmonary capillary wedge pressure (APCWP). These changes were calculated by subtracting the values obtained at 
lower body pressure of 0 mm Hg from those at lower body pressure of —-20 mm Hg. A positive linear correlation was 
demonstrated between AR and APCWP (r = 0.759, p <0.01). B, no significant correlation was found between changes in the 
peak velocity of LV late diastolic filling flow (AA) and APCWP (r = 0.039). 
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Some limitations of this study should be considered. 
We did not measure phasic LV and left atrial pressures 
because of technical difficulties. Instead, we adopted 
mean pulmonary capillary wedge pressure as an expres- 
sion of left atrial pressure. Although this pulmonary 
capillary wedge pressure represents not only left atrial 
pressure, but also LV filling pressure partly determined 
by LV diastolic properties, we assumed that LV diastol- 
ic properties were little affected during lower body posi- 
tive and negative pressure. 
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Usefulness of Jogging in Place as an Exercise Test of Enhanced 


Diagnostic Efficacy 


Nicolaos M. Papazoglou, MD, Eleni S. Kolokouri-Dervou, MD, Nicolaos |. Agrios, MD, 
Miliana P. Stagou, MD, Panayotis M. Loussidis, MD, and Dimitrios N. Prionas, MD 


his study, an extension of a previous one,' com- 

pares the results of a jogging in place exercise test 
against the standard Bruce protocol with those of coro- 
nary arteriography in a new series of patients. We show 
that the jogging test, monitored and recorded with a 
single-channel electrocardiograph, offers superior diag- 
nostic performance to the Bruce protocol monitored and 
recorded in a 3-channel apparatus. 

One-hundred twenty-five new patients underwent 
coronary arteriography, and also consecutive jogging in 
place and Bruce protocol treadmill tests. They were 118 
men and 7 women, 24 to 73 years old, with a mean (+ 
standard deviation) age of 54 + 8 years. The reason for 
performing the exercise tests and the arteriography was 
definite or suspected coronary artery disease. Sixty of 
the patients had typical angina pectoris, 16 had atypical 
(probable) angina, 29 had nonspecific chest complaints 
and 20 were asymptomatic (all with old myocardial 
infarction). In 63 patients, there was a history or electro- 
cardiographic evidence of prior myocardial infarction. 

The exercise tests were performed either before or 
after coronary arteriography. In most patients, the time 
lag between exercise tests and coronary arteriography 
did not exceed 1 week. The tests were separated by at 
least 1 hour (to a few days for most); the order was 
random and they were maximal symptom-limited. 

A positive exercise electrocardiogram was defined as 
either ST-segment depression =1 mm measured 80 ms 
from the J point (in addition to any preexisting degree), 
or ST-segment elevation 21 mm or U-wave inversion. 
The reasons for stopping either test were: chest pain of 
progressive severity, significant (=2 mm) ST-segment 
depression, achievement of the maximum age-predicted 
heart rate, runs of ventricular tachycardia, excessive 
(>250 mm Hg) systolic blood pressure or hypotension 
(<90 mm Hg) or inability to continue the test. For the 
details concerning the technical performance of the 2 
tests, see our previous report.' 

The criterion of significant coronary artery stenosis 
was =70% narrowing in diameter; it was 250% for the 
left main stem. Of the 125 patients, 50 had 1-vessel 
disease, 41 had 2-vessel disease (including 3 involving 
the left main), 11 had 3-vessel disease, 1 had 4-vessel 
disease and 22 had either normal coronaries (15) or 
nonsignificant stenoses (7). 

Sensitivity is the percentage of patients with positive 
exercise electrocardiograms and coronary artery disease 
(true positives) divided by the total number of patients 
with coronary artery disease. Specificity is the percent- 
age of the patients with normal exercise electrocardio- 
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TABLE I Results of Exercise Tests in Patients with Coronary 
Artery Disease 


Bruce Treadmill Protocol 


Positive Negative Total 


Positive 
Negative 


Jogging 
in place 
Total 


TABLE Il Results of Exercise Tests in Patients Without 
Coronary Artery Disease 


Bruce Treadmill Protocol 


Positive Negative Total 


Positive 
Negative 


Jogging 
in place 
Total 





grams without coronary artery disease (true negatives) 
divided by the total number of patients without coronary 
artery disease. Correct classification rate of the test is 
the sum of true positives and true negatives, divided by 
the total number of patients studied. The statistical tests 
were chi-square for comparisons of proportions of un- 
paired observations, paired t test for means of continu- 
ous variables and the McNemar test for the discordant 
results of the paired observations.’ 

Table I lists the results of the 2 tests in patients with 
coronary artery disease; it is evident that there is concor- 
dance in 80% (82 of 103) and discordance in 20% (21 of 
103). These latter patients were analyzed as positive only 
by jogging test (17) and positive only by Bruce test (4). 
This difference is statistically significant (McNemar’s u 
= 2.83 with corresponding p = 0.005 for 2-tailed com- 
parison)—implying a significantly higher sensitivity for 
the jogging test versus the Bruce test (64 [66 of 103] vs 
51% [53 of 103]). Within the context of patients with 
coronary artery disease, both the peak exercise heart 
rate (156 + 22 vs 142 + 23 beats/min, p <0.0001) and 
the peak exercise double product (28,351 + 6,451 vs 
24,513 + 5,681 beats X mm Hg/min, p <0.0001) were 
significantly higher with the jogging test for the same 
tested persons. The mean + standard deviation number 
of significantly narrowed coronary arteries did not sig- 
nificantly differ between concordant positive tests (1.7 + 
0.7) and concordant negative tests (1.6 + 0.7). This also 
applied to patients with only positive Bruce tests (1.7 + 
0.9) or only positive jogging tests (1.5 + 0.5). In contrast, 
the proportion of patients with typical angina was signif- 
icantly higher among concordant positive tests (71% [35 
of 49]) than among concordant negative tests (24% [8 of 
33], p <0.01). Also all 4 patients with left main disease 
had concordant positive test results. 


Table II lists the results of the 2 tests in patients free 
of significant coronary artery disease. It is evident that 
there is concordance in 82% (18 of 22) and discordance 
in 18% (4 of 22) where only the Bruce test gave a positive 
result. This is statistically significant (McNemar’s u = 
2.0 with corresponding p = 0.046 for 2-tailed compari- 
son)—implying a significantly higher specificity for the 
jogging test versus the Bruce test (86 [19 of 22] vs 68% 
[15 of 22]). 

Even among patients without significant coronary ar- 
tery disease, the jogging test had significantly higher 
values for both peak exercise heart rate (170 + 15 vs 155 
+ 19 beats/min, p <0.005) and peak exercise double 
product (33,193 + 5,860 vs 27,937 + 4,352 beats X mm 
Heg/min, p <0.005). 

The sum of the respective patients summarized in 
Tables I and II gives the number of the correctly classi- 
fied patients: 68 (55%) by the Bruce and 85 patients 
(68%) by the jogging exercise test. Of these patients the 2 
tests were in agreement in 64. In 4 patients the Bruce 
protocol was the only correct test, whereas jogging in 
place was the only correct test in 21. This 21 versus 4 
difference, in favor of the jogging test, was highly signifi- 





cant with the McNemar’s test (u = 3.4 with correspond- 
ing p = 0.00068 for 2-tailed comparison). 

In the present report, the comparison of the 2 exercise 
tests with the coronary arteriographic findings shows that 
the higher yield of the positive results by the jogging test 
corresponds to statistically significant higher sensitivity 
(64 vs 51%), higher specificity (86 vs 68%) and higher 
correct classification rate (68 vs 55%). 

The superior diagnostic performance of the jogging 
test compared to the standard Bruce test parallels the 
higher indirect markers of myocardial oxygen consump- 
tion: peak heart rate and peak exercise double product 
achieved by the first test. Thus, the jogging in place 
exercise test combines a higher diagnostic efficacy with 
simplicity of implementation and application and a 
shorter performance time.! The better tolerance of this 
test applies to the entire spectrum—even older persons of 
both sexes—of persons undergoing an exercise test. 
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Effect of Cigarette Smoke on Sinus Node Automaticity 


Kent J. Volosin, MD, Claude Brachfeld, MD, Lou-Anne M. Beauregard, MD, Rosemary Fabiszewski, RN, 


and Harvey L. Waxman, MD 


Pf either ambulatory monitoring nor laboratory eval- 
uation of humans or animals has revealed a predict- 
able pattern of change in heart rate related to smoking.!~3 
Disparate observations may be related to the complex 
autonomic effects of smoke components combined with 
physiologic responses to the actual inhalation of smoke. 
This study was conducted to determine the direct effect of 
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FIGURE 1. Effect of 8 blockade, para- 
sympathetic blockade after 6 blockade 
(6 blocker + atropine) and cigarette 
smoking on sinus cycle length in 16 
patients without known sinus node 
dysfunction. 
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cigarette smoking on sinus node automaticity by measur- 
ing sinus cycle length changes in subjects who smoked 
cigarettes after the sinus node was chemically denervated 
using atropine and propranolol. 

Sixteen smokers volunteered for the study, which was 
approved by the Cooper Hospital/University Medical 
Center Institutional Review Committee. Mean patient 
age was 55 years (range 26 to 78). Fourteen patients were 
men and 2 were women. Indication for electrophysiology 
study was nonsustained ventricular tachycardia (VT) in 
4 patients, sustained VT in I patient, supraventricular 
tachycardia in I patient, syncope in 6 patients, palpita- 
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tions in 3 patients and conduction system disease in 1 
patient. Three patients had coronary artery disease, 6 
had nonischemic dilated cardiomyopathy, 1 had mitral 
valve prolapse and 6 patients had no known heart dis- 
ease. No patient had clinical evidence of sinus node dys- 
function. The average corrected maximal sinus node re- 
covery time was 331 + 146 ms. 

After providing informed consent, 15 patients under- 
went electrophysiologic study alone and 1 underwent 
cardiac catheterization followed by electrophysiologic 
testing. In each patient, a 6Fr quadripolar pacing cathe- 
ter was placed in the high right atrium near the sinus 
node. Intracardiac electrograms as well as surface leads 
I, aVF and V; were displayed on a Siemens 16-channel 
oscilloscope and recorded on a Mingograf 16-channel 
ink-jet recorder. Mean sinus cycle length was deter- 
mined from the permanent recording of the high right 
atrial electrogram, averaging at least 5 consecutive inter- 
vals. 

Patients abstained from smoking for at least 12 
hours before the study. Following completion of the 
baseline electrophysiologic study the patients were al- 
lowed to rest for 5 minutes and baseline sinus cycle 
length was determined. Fourteen patients were then giv- 
en propranolol intravenously in l- to 2-mg boluses re- 
peated every minute until heart rate was reduced by 20% 
or a maximum dose of 0.15 mg/kg of body weight was 
administered. Patients given intravenous propranolol re- 
ceived an average dose of 11 mg (range 8 to 15). One 
patient was given 10 mg of intravenous metoprolol. Si- 
nus cycle length was again recorded. One patient taking 
oral propranolol, 200 mg 4 times daily, was not given 
intravenous 8 blocker. Atropine was administered intra- 
venously in a dose of 1 to 2 mg depending on body weight 
and heart rate after the first mg. Intrinsic heart rate was 
determined. 

Each patient smoked 2 filtered cigarettes over a 5- 
minute period. They were instructed to smoke continu- 
ously and to inhale the smoke. The shortest sinus cycle 
length recorded within 5 minutes after cessation of 


Beta blocker 
+ atropine 
+ smoking 


FIGURE 2. Cigarette smoking increased sinus cycle in all 
patients compared to intrinsic heart rate (heart rate 
after 8 blockers and atropine). 
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smoking was used for analysis. It has been shown that 
the maximal change in heart rate after smoking occurs 
within 5 to 10 minutes. 

As shown in Figure 1, 8 blockade produced a signifi- 
cant prolongation in sinus cycle length compared to the 
sinus cycle length at rest (808 112 to 900 + 152 ms, p 
<0.005). All patients had an increase in sinus cycle 
length after B-blocker administration. Removal of vagal 
influences with atropine produced a significant shorten- 
ing in sinus cycle length (900 + 152 to 709 + 92 ms, p 
<0.001). Compared to 8 blockade alone, the sinus cycle 
length shortened after atropine in all patients. Compared 
to baseline sinus rhythm, the intrinsic sinus cycle length 
was Shorter in all patients except one. Thus, after chemi- 
cal denervation of the sinus node with B blockers and 
atropine, the mean sinus cycle length was significantly 
shorter than at baseline (p <0.005). 

Smoking produced an acceleration of sinus node 
automaticity in all cases after the sinus node had been 
chemically denervated (Figure 2). The average sinus 
cycle length shortened from 709 + 92 ms before smoking 
to 681 + 84 ms after smoking (p <0.001). As shown in 


_ Figure 3A, there was no correlation between the degree 


of smoking-induced cycle length change and the resting 
sinus cycle length (r = —0.2). Thus, with intact sympa- 
thetic and parasympathetic circuits, the change in sinus 
cycle length produced by smoking could not be predicted 
by the resting sinus cycle length. However, there was a 
significant inverse relation between the chemically de- 
nervated sinus rate and the degree of smoking-induced 
sinus cycle length acceleration (r = —0.6, Figure 3B) 
suggesting that after chemical denervation, those sinus 
node cells with a longer phase 4 depolarization (i.e., 
longer sinus cycle length) were more sensitive to the 
direct effects of cigarette smoke. 

In the chemically denervated human sinus node, we 
found the inhalation of cigarette smoke to increase heart 
rate. In isolated atrial tissue, nicotine »roduces a biphasic 
response in automaticity. There is an initial rate slowing 
due to direct parasympathetic ganglionic stimulation fol- 
lowed by rate acceleration due to release of epinephrine 
and norepinephrine from intracardiac stores.* Thus, nico- 
tine has both direct cholinergic and adrenergic effects 
that are independent of an intact autonomic nervous sys- 
tem. 

The effects of smoking are more complex than those 
of nicotine alone, however, insofar as both sympathetic 
and parasympathetic nervous system activities are stimu- 
lated by smoking. Increased systemic adrenergic tone, as 
demonstrated by increasing levels of plasma epinephrine 
and norepinephrine, occurs during smoking.° Also, stud- 
ies of smoke inhalation have revealed reflex bradycardia 
mediated by direct stimulation of pulmonary receptors by 
smoke, which increases vagal activity.° In this study, the 
smoking-induced increase in heart rate is a direct effect of 
cigarette smoke since -sympathetic neural circuits were 
blocked with propranolol and reflex parasympathetic 
arcs were blocked with atropine. This study did not com- 
pare the effects of nicotine alone to those changes pro- 
duced by cigarette smoke with its many components. 

While cigarette smoke may have produced a direct 
effect on the sinus node by increasing automaticity, other 





Delta Cycle Length (msec) 


FIGURE 3. A, comparison of the sinus cy- 
cle length before administration of pro- 
pranolol and atropine (X axis) to the 
change in sinus cycle length produced by 
smoking (Y axis). Correlation coefficient is 
—0.2. B, comparison of the sinus cycle 
length after the administration of propran- 
olol and atropine (X axis) to the change in 
sinus cycle length produced by smoking (Y 
axis). Correlation coefficient is —0.6. 
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possible explanations exist. Smoking may have enhanced 
automaticity in areas of the atria separate from the sinus 
node. It has been shown that “sinus” beats do not always 
originate in the area of the sinus node.’ The term “atrial 
pacemaker complex” is used to describe rhythms that 
appear to be sinus in origin but during atrial mapping 
studies have been found to originate in other areas of the 
atria. These atrial pacemaker complexes may be sensitive 
to endogenous stimulation, and it is possible that the 
increased heart rate observed after smoking was due to a 
shift in the atrial pacemaker site. Subtle shifts within the 
sinus node itself may actually account for the normal 
sinus acceleration and deceleration. Although the atrial 
activation sequence assessed by P-wave morphology and 
l intracardiac recording site did not appear to change, 
detailed atrial mapping was not performed; therefore, 
minor shifts in the atrial pacemaker site cannot be ex- 
cluded. 

In conclusion, after chemical denervation of the sinus 
node with 6 blockers and atropine, exposure to cigarette 
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smoke produces a statistically significant shortening of 
the sinus cycle length. This may be due to the direct effect 
of cigarette smoke on the sinus node or to its effect on 
other atrial pacemakers with a shift of the atrial pace- 
maker complex. 
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Pulmonary Venous Flow Determined by Doppler Echocardiography 


in Mitral Stenosis 


Gad Keren, MD, Avraham Pardes, MD, Hylton |. Miller, MD, Jack Scherez, Bsc, and Shlomo Laniado, MD 


ecent studies have shown that pulmonary venous 
flow is normally biphasic. Both phases depend on 
changes in left atrial pressure that occur during the cardi- 
ac cycle.!- The first phase corresponds to ventricular 
systole and is dependent on ventricular contraction and 
on a timed relaxation of the left atrium. The second phase 
occurs during diastole and follows the reduction in atrial 
pressure during the rapid transmitral flow and ventricu- 
lar filling. In mitral stenosis (MS), flow rate across the 
mitral valve is reduced, as is the rate of left atrial pressure 
decay and left ventricular pressure rise.* These changes in 
left atrial hemodynamics may affect left atrial filling 
from the pulmonary veins. Moreover, many patients with 
MS have atrial fibrillation. This arrythmia results in a 
reduced systolic (J) phase of pulmonary venous flow.!-5 
The present study examines the pattern of pulmonary 
venous flow velocity in patients with MS. 

Fifteen patients (10 women, 5 men) with MS were 
included in the study. Their ages ranged from 30 to 64 
years. Their mean mitral valve area obtained by echo- 
cardiography was 1.4 + 0.8 cm? (range 0.6 to 2.4). Elev- 
en patients had mild to moderate MS and were all in 
sinus rhythm and had normal left ventricular dimen- 
sions and function. Four patients had severe MS, 2 of 
whom were in sinus rhythm and 2 were in atrial fibrilla- 
tion. The mitral valve area of these 4 patients was 0.6, 
0.9,0.9 and 1.0 cm?, respectively. All 4 underwent cardi- 
ac catheterization and mitral valve area assessed in- 
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vasively and noninvasively was well correlated. The pul- 
monary venous flow velocity and mitral flow velocity 
data obtained in these patients were compared to data 
from normal volunteers previously published.'° All 
patients were in stable clinical condition. The patients 
in atrial fibrillation were treated with diuretics, digitalis 
and anticoagulants. 

Echocardiography (M-mode and 2-dimensional) 
and pulsed Doppler echocardiographic studies of mitral 
and pulmonary venous flow velocity were performed. An 
Electronics for Medicine/Honeywell Ultraimager was 
used for both imaging and Doppler flow velocity studies. 
Mitral flow velocity and pulmonary venous flow velocity 
were recorded from the apical 4-chamber view. To ob- 
tain mitral flow velocity in the pulsed Doppler mode, the 
sampling volume was positioned between the tips of the 
mitral leaflets in the left ventricle, whereas to obtain 
pulmonary venous flow velocity, the transducer had to be 
rotated, sometimes slightly, so that the orifices of the 
pulmonary veins into the left atrium were well visualized 
and the sampling volume was positioned in place. Mitral 
flow velocity was also obtained with an independent con- 
tinuous wave Doppler probe using a Vingmed instru- 
ment. Echocardiographic and Doppler flow studies were 
recorded on a black and white hard copy recorder. In 
patients with sinus rhythm and mild to moderate MS the 
temporal relation between the phases of mitral flow ve- 
locity, pulmonary venous flow velocity and mitral valve 
motion were analyzed by matching records of similar 
RR intervals. Five cycles were analyzed for each data 
point and all the temporal measurements were refer- 
enced to the beginning of the QRS complex. A complete 
description of the analysis method has been provided 
previously.!? In 2 patients with severe MS and sinus 
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FIGURE 1. Normal pattern of pulmonary venous flow (PVF) velocity. The J phase occurs during systole and the K phase during 


diastole. 
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FIGURE 2. Mitral flow velocity (MIF) and pulmonary venous flow (PVF) velocity in a patient with very mild mitral stenosis 
(mitral valve area 2.2 cm). Note that the diastolic phase of pulmonary venous flow is reduced and continuous throughout 
the end of diastole with retrograde flow during atrial contraction. 
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FIGURE 3. Pulmonary venous flow velocity in a patient with significant mitral stenosis (1.1 cm). Notice the reduced flow 
velocity during the diastolic K phase. Notice the regurgitant flow (RF) during atrial contraction. Abbreviations as in Figure 2. 
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TABLE I Pulmonary Venous Flow and Mitral Flow Velocity Measurements in Mild to Moderate Mitral Stenosis (n = 11) 


RR Q-BJ 
(ms) (ms) 


Q>KE J K 
(ms) (cm/s) 


818 49 30 
#'160'" 21S +14 
45+ 10 

4848 


Q—>K 


(ms) 


Q>J 


(ms) 


619 
+ 104 


PVF 855 115 
+190 + 26 

NV* 

NV? 


263 
+ 43 


(cm/s) 


93 £ 15 
4911 


RR Q-D 
(ms) (ms) 


Q-c E A 
(ms) (cm/s) (cm/s) 


935 152 146 
£190 -+18 + 27 


Q>E 


(ms) 


Q—>A 
(ms) 
MVF 844 459 


+199; -69 
NV* 


923 
£, 7O 


860 
+181 


179421 45416 


A= peak velocity of atrial contribution; E = peak velocity of rapid filling wave; J = peak velocity of first phase of PVF; K = highest velocity of diastolic phase of PVF; MVF = mitral flow 
velocity; PVF = pulmonary venous flow velocity; Q->A = peak atrial contribution; Q — BJ = duration from the beginning of the Q wave on the electrocardiogram to the onset of the J 
phase of pulmonary venous flow; Q-+C = cessation of mitral flow; Q—>D = onset of mitral flow; Q->E = peak of rapid filling wave; Q—>J = peak of J phase; Q—>K = peak of K phase; 


Q—>KE = end of K phase. 
* NV = normal values for J and K.! 
t Normal values.? 


rhythm who underwent cardiac catheterization, the echo 
Doppler studies were performed immediately before the 
hemodynamic study. Doppler flow velocity tracings were 
matched to hemodynamics data by superimposing Fig- 


ures 4 and 5 with reference to the R wave of the electro- 
cardiogram. 
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FIGURE 4. Superimposed figure of pulmonary venous flow ve- 
locity, transmitral flow, left ventricular pressure (LVP) and 
pulmonary capillary wedge pressure (PWP) in a patient with 
severe mitral stenosis. Notice that the mean and peak pulmo- 
nary capillary wedge pressure during systole is lower than 
during diastole. Pulmonary venous flow is detected only in 
systole (J). The small time delay in pulmonary capillary wedge 
pressure recording should be attributed to the characteristics 
of the fluid filled catheter transducer system. MIAF = flow at 
the mitral anulus. Other abbreviations as in Figure 2. 
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As previously described in normal subjects and as 
shown in Figure 1 and Table I, pulmonary venous flow 
velocity is biphasic with a peak velocity of the systolic J 
phase equal to or smaller than the peak velocity of the K 
phase. This pattern changes in MS. In 11 patients with 
mild to moderate MS and normal left ventricular di- 
mensions and function, the first phase of pulmonary 
venous flow (J) peaked early during ventricular systole 
and reached a peak velocity of 49 + 15 cm/s. The dia- 
stolic (K) phase of flow was continuous throughout the 
end of diastole, with a reduced peak flow velocity (30 + 
14 cm/s, Figures 2 and 3). There was no statistically 
significant correlation between mitral valve area and 
peak velocity of the J or K phase. The peak of the 
diastolic K phase of pulmonary venous flow in patients 
with mild to moderate MS (Table I) occurred signifi- 
cantly later than the peak of the rapid ventricular filling 
phase (E wave) of mitral flow (619 + 104 vs 523 + 75 
ms, p <0.01). 

In patients with moderate MS marked retrograde 
flow into the pulmonary veins was observed during atrial 
contraction. In the patients with severe MS who were in 
sinus rhythm, the diastolic K phase could not be detect- 
ed. The systolic phase was the main left atrial filling 
phase from the pulmonary veins. A marked retrograde 
flow during atrial contraction was detected in these pa- 
tients. Figure 4 shows superimposed left ventricular and 
pulmonary capillary wedge pressures, as well as mitral 
and pulmonary venous flow velocity tracings, in a 
patient with severe MS who was in sinus rhythm. Only 1 
phase of pulmonary venous flow velocity was detected 
during ventricular systole (J phase), which corresponded 
in time to the a-c wave and the x descent of the pulmo- 
nary wedge pressure. During early diastole (y descent) 
left atrial inflow from the pulmonary veins could not be 
detected by Doppler. Peak and mean pulmonary capil- 
lary wedge pressure during systole was lower than dur- 
ing diastole. Conversely, in the patients with severe MS 
and atrial fibrillation pulmonary venous flow showed I 
major phase during the diastolic K phase, and the systol- 
ic phase was markedly reduced (Figure 5). 

All phases of left ventricular filling are disturbed in 
patients with mitral stenosis. In the normal heart blood 
flow accelerates rapidly in early diastole and then decel- 
erates due to a decreasing atrioventricular pressure gradi- 
ent. This early phase of mitral flow correlates in time to 
the y descent in left atrial pressure, and to the onset of the 
K phase of pulmonary venous flow. In patients with MS, 
the rates of atrioventricular pressure gradient decay and 
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FIGURE 5. Superimposed figure of pulmonary venous flow velocity, transmitral flow velocity, left ventricular and TANAR 
capillary wedge pressure in a patient with severe mitral stenosis and atrial fibrillation. The tracings were not simultaneously 
obtained so that alignment of the electrocardiogram is not exact. Notice that pulmonary venous flow is detected only in diastole 


(K). Abbreviations as in Figures 2 and 4. 


flow deceleration are markedly reduced resulting in in- 
creased left atrial pressures throughout diastole. These 
hemodynamic changes are manifested by a loss of the 
phasic nature of the diastolic K phase of pulmonary ve- 
nous flow in MS, which takes a continuous low flow shape 
in mild to moderate stenosis and is almost undetectable in 
severe cases. Interestingly, in both patients with severe 
MS who underwent cardiac catheterization, mean and 
peak pulmonary capillary wedge pressure was lower dur- 
ing systole than during diastole (Figure 4). 

These findings emphasize the importance of left ven- 
tricular systolic function in reducing left atrial pressure 
and augmenting left atrial filling from the pulmonary 
veins. Both timed atrial relaxation and descent of the 
mitral anular ring during ventricular systole are impor- 
tant determinants of left atrial filling from the pulmonary 
veins.!56 Loss of effective atrial function such as in pa- 
tients with atrial fibrillation or sinoatrial block results in 
marked diminution of the J phase and a relative increase 
in the diastolic K phase of pulmonary venous flow. 

In MS, the derangement in atrial myocardium may 
determine the hemodynamic role of the atrial contraction 
and may establish the milieu necessary for atrial fibrilla- 
tion.’ This arrythmia was recently shown to play a role in 
determining left atrial size in MS.’ Thus, it may affect 


left atrial compliance and contribute to changes in left 
atrial filling pattern from the pulmonary veins. In pa- 
tients with mitral stenosis and atrial fibrillation the J 
phase is markedly reduced due to loss of timed atrial 
function. The K phase is the main left atrial filling phase 
and is prolonged (Figure 5) due to the gradual decay of 
atrioventricular pressure gradient over the stenotic mitral 
valve. 
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Follow-Up After Percutaneous Balloon Valvoplasty for Noncalcific 


Aortic Stenosis 


Savitri Shrivastava, MD, DM, Gladwin S. Das, MD, DM, Vishva Dev, MD, DM, Sanjeev Sharma, MD, 


and Mira Rajani, MD 


T his study evaluates the follow-up data from the first 
25 patients with noncalcific aortic stenosis who 
underwent percutaneous balloon aortic valvuloplasty 
(PBAV) at our center between September 1986 and De- 
cember 1988. 

There were 19 male and 6 female patients, aged 12 + 
9 years (range 1 to 36); 18 were younger than 18 years. 
All had isolated noncalcific aortic stenosis on clini- 
cal and Doppler echocardiographic evaluation, with a 
Doppler peak systolic gradient >50 mm Hg, and congen- 
itally bicuspid valves. Eleven of these patients (44%) 
were in New York Heart Association class I, 10 (40%) in 
class II, 3 (12%) in class III and 1 (4%) was in class IV 
(Figure 1). Informed consent was obtained from adult 
patients or the children’s parents before PBAV. PBAV 
was performed in all the patients using a technique al- 
ready reported.! Results in the first 5 patients have pre- 
viously been reported.? Aortic root angiography was per- 
formed before and after PBAV, and the degree of aortic 
regurgitation was graded ona scale of 1 to 4.5 The aortic 
valve area was calculated before and after PBAV by the 
Gorlin equation, and cardiac output was measured by 
the Fick principle. PBAV was performed with a single 
balloon in 23 and double balloons in 2 patients. The 
balloon:aortic anulus ratio, which was measured from 
angiograms, was 90 + 8% (range 77 to 100). Statistical 
analysis was performed using the Student's t test and the 
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level of statistical significance was considered to be p 
<0.05. 

The peak to peak systolic gradient before PBAV was 
112 + 35 mm Hg; it decreased to 44 + 21 mm Hg (p 
<0.001) immediately after the procedure. The aortic 
valve area (n = 20) increased from 0.3 + 0.07 to 0.69 + 
0.2 cm2/m? (p <0.01). In 1 patient, the balloon catheter 
was withdrawn with great difficulty after inflation, and 
the gradient was unchanged. However, the Doppler peak 
systolic gradient 24 hours later was 50 mm Hg, and has 
remained so over 6 months, suggesting transient dynam- 
ic outflow obstruction. Aortic root angiography before 
the procedure (n = 24) showed that aortic regurgitation 
was absent in 14 patients, and was grade | in 10 (Figure 
2). Immediately after PBAV it was absent in 5, grade 1 in 
13 and grade 2 in 6. There were no deaths. Ventricular 
fibrillation occurred in 2 patients. One patient had pro- 
longed bleeding from the puncture site, and 5 had tran- 
sient pulse loss. The pulse normalized within 48 hours of 
heparin infusion in 4 patients, and after intravenous 
streptokinase in the fifth. 

Patients have been followed up for 11 + 7 months 
(range | to 26). At short-term follow-up (<6 months) 23 
(92%) were asymptomatic (Figure 1). Persistent symp- 
toms were seen in 2 patients. An infant who was in persis- 
tent cardiac failure after an unsuccessful PBAV under- 
went surgical valvotomy. After surgery the peak systolic 
gradient of 100 mm Hg was reduced to 70 mm Hg as 
assessed by Doppler. Another patient with a partially 
successful PBAV (Figure 1) had persistent shortness of 
breath, and became asymptomatic after a successful re- 
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FIGURE 1. Symptomatic 
status of patients before 
percutaneous balloon aor- 
tic valvuloplasty (PBAV) 
and on follow-up. Persis- 
tent symptoms were seen 
after a partially success- 
ful (PS) or unsuccessful 
(US) procedure. OP = 
operated. 





peat PBAV. Fourteen of these patients who have been 
followed up for 15.8 + 4 months remained in New York 
Heart Association class I. Repeat catheterization was 
performed in 13 patients at 11 + 4 months. Peak systolic 
gradient immediately after PBAV was 40.0 + 17.5 mm 
Hg in these 13 patients and on follow-up it was 45.0 + 
30.0 mm Hg (difference not significant). The aortic valve 
area (n = 10) was 0.76 + 0.23 cm?/m? immediately after 
PBAV and 0.71 + 0.23 cm?/m? (difference not signifi- 
cant) at follow-up. 

Restenosis, defined as >50% loss of initial gain, was 
seen in 3 patients. In 1 patient it was related to inade- 
quate relief on dilatation with a balloon-anulus ratio of 
85%. Repeat catheterization for persistent symptoms 5 
months later revealed restenosis, which was successfully 
treated by dilation with a larger balloon (balloon:anulus 
ratio of 95%). Asymptomatic restenosis occurred in 2 
others despite balloon:anulus ratios of 99 and 91% and 
thin pliant bicuspid valves on 2-dimensional echocardi- 
ography. The angiographic grade of aortic regurgitation 
(Figure 2) on follow up (n = 12) showed an increase to 
grade 3 in 2 patients, while in the other it was < grade 2. 
The grade 3 aortic regurgitation was well tolerated: pa- 
tients were asymptomatic, with normal left ventricular 
function on echocardiography. In one of these patients it 
was related to partial avulsion of the left aortic cusp with 
a reduction of the gradient from 28 mm Hg immediately 
after PBAV to 0 mm Hg on repeat catheterization. 

In 10 patients who have not had repeat catheteriza- 
tion, the Doppler peak systolic gradient of 106 + 28 mm 
Hg was reduced to 59 + 26 mm Hg (p <0.001) immedi- 
ately after the procedure, and was unchanged (54 + 23.0 
mm Hg) at 9 + 7 months of follow up. The reliability of 
Doppler estimation of the peak systolic gradient has 
been validated in our laboratory,‘ with good correlation 
(r = 0.92 p <0.001) with catheterization peak to peak 
systolic gradient and no significant under- or overesti- 
mation. The Doppler grading of aortic regurgitation be- 
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FIGURE 2. Angiographic 
grades of aortic regurgi- 
tation (AR). On follow-up 
catheterization 2 patients 
had an increase to grade 
3. PBAV = percutaneous 
balloon aortic valvulo- 
plasty. 
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fore PBAV in 9 of these patients showed no aortic regur- 
gitation in 7, and grade I in 2. Immediately after PBAV 
it was absent in 3, grade 1 in 2 and grade 2 in 4. At 
follow-up there was a decrease by 1 grade in 3 patients, 
from grade 2 to 1 in 2, and grade 1 to 0 in another. No 
patient had an increase in severity. 

There is limited information on the follow-up of pa- 
tients who undergo PBAV for noncalcific aortic steno- 
sis.5-8 Most of our patients (92%) were asymptomatic 
at short-term follow-up; symptom-free status was also 
maintained in all those who were followed up for 15 
months. Persistent symptoms were related to inadequate 
relief and restenosis. Restenosis after PBAV for noncal- 
cific aortic stenosis has not been reported earlier.!5-8 We 
encountered it in 3 patients. In 1 patient with persistent 
symptoms repeat successful PBAV was carried out. 
Asymptomatic restenosis was seen in 2 patients with gra- 
dients of 60 and 50 mm Hg; the former has been recom- 
mended for repeat PBAV and the latter for medical fol- 
low-up. A late increase in the severity of aortic regurgita- 
tion to grade 3 (moderate), which occurred in 2 of our 
cases, is another area of concern. While both of these 
patients are asymptomatic with normal left ventricular 
size and function, | patient with a similar problem report- 
ed by Sholler et alë required aortic valve replacement. 

In all our patients with inadequate relief, we had used 
single balloons, and did not exceed a balloon:anulus ratio 
of 100% in view of experimental’ and perioperative evi- 
dence? that overlarge balloons can result in severe aortic 
regurgitation. Would use of double balloons have reduced 
the gradient further? Since we used double balloons in 
only 2 patients, a meaningful comparison is not possible. 
While Sholler et alë did not find the results of the double 
balloon technique to be superior to single balloons, Beek- 
man et al!’ have reported significantly superior results 
with the double balloon technique. Hence, although valve 
morphology is probably the most important determinant 
of the results of PBAV for noncalcific aortic stenosis,® 
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technical considerations are not yet free of controversy. 
Repeat PBAV with double balloons has been recom- 
mended to all our patients with significant residual gradi- 
ents. 

The hemodynamic results of PBAV, the sustained 
symptomatic and hemodynamic benefit in the first 18 
months of follow-up, the lack of mortality, the short hos- 
pitalization, the uncommon occurrence of restenosis and 
the absence of severe aortic regurgitation requiring aortic 
valve replacement are all strong reasons for considering 
PBAV as the treatment of choice for noncalcific aortic 
stenosis, especially in children. 
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Do Changes in Fraction of Inspired Oxygen Affect Pulmonary Artery 


Acceleration Time? 
Julie H. Ernst, MD, and Stanley J. Goldberg, MD 


p ulmonary artery (PA) pressure is difficult, but 
important, to estimate by noninvasive methods. Ac- 
cordingly, numerous noninvasive methods have been 
used. Perhaps the most accurate noninvasive method is 
determination of tricuspid regurgitation velocity gradi- 
ent, which estimates instantaneous difference between 
right atrial and ventricular systolic pressure. In the ab- 
sence of pulmonary stenosis and with addition of right 
atrial pressure, the result can be used to approximate PA 
pressure.! Reliable recording of tricuspid regurgitation in 
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FIGURE 1. The sequence of testing is depicted. Each circled 
R represents a recording of pulmonary artery acceleration 
time. Sequence is from top to bottom. 





17% O2 


252 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


some individuals, however, has proven difficult. Accord- 
ingly, many centers have used the inverse relations be- 
tween PA pressure and PA acceleration time to predict 
PA pressure.2 PA acceleration time is derived from 
Doppler PA velocities. Although PA acceleration time 
has been used to estimate PA pressure, full characteriza- 
tion of the measurement has yet to be determined. PA 
acceleration time has been reported to vary over a small 
range in adults (75 to 170 ms)? and a smaller range in 
children (51 to 140 ms).? Ranges are not truly continuous 
because the Doppler waveform is obtained by intermit- 
tent Fourier analysis, a method that depends on a time 
history of the waveform, especially for low velocities such 
as those inscribed at the very beginning of systole. Finally, 
information is unavailable to suggest whether PA accel- 
eration time is variable for a given individual as the result 
of small changes in PA pressure. 

Alveolar oxygen partial pressure alteration inversely 
affects PA pressure and vascular resistance.* According- 
ly, increased fraction of inspired oxygen should decrease 
PA pressure and resistance and lengthen the PA accelera- 
tion time. Conversely, lowering inspiratory oxygen per- 
centage below room air should increase PA pressure and 
resistance and shorten PA acceleration time. The hypoth- 
esis for this study is that PA acceleration time is variable 
for a given individual and that changes in fraction of 
inspired oxygen cause inverse changes in PA acceleration 
time. 

Subjects for this study were solicited by advertise- 
ment. Eligible respondents could be men or women 20 to 
35 years old who had no known cardiopulmonary dis- 
ease. Informed consent was obtained from each subject 
for a protocol approved by the University of Arizona 
Human Subjects Committee. Subjects were screened by 
2-dimensional echocardiography to eliminate those in 
whom PAs could not be imaged or interrogated. Individ- 
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uals with arrhythmias were also excluded. For those 
accepted into the study, a complete imaging echocardio- 
gram was performed with a Biosound NDB 256 Doppler 
echograph operating at 2.25 or 3.5 MHz. Flow area 
measurements of the aortic, pulmonary and mitral 
valves were performed according to the methods of 
Loeber et al.’ Velocities were interrogated in the central 
portion of the distal main PA, in the ascending aorta 
distal to the sinus of Valsalva and at the rings of the 
tricuspid and mitral valves. Velocities were recorded at a 
stripchart speed of 100 mm/s. 

Figure 1 shows the experimental protocol. Initially, 
velocities distal to the 4 valves were recorded while the 
subject was breathing room air. Ten minutes after initial 
velocity recording, PA velocity interrogation was repeat- 
ed. Subjects then breathed either 100% oxygen or a mix- 
ture of 17% oxygen and 83% nitrogen through a closed 
system for 10 minutes. Selection of initial gas was deter- 
mined randomly. During the ninth of 10 minutes, while 
the subject was breathing the gas mixture, recordings of 
the 4 velocities were repeated. A 10-minute equilibration 
time was allowed during which subjects again breathed 
room air, followed by recording of the fourth PA veloci- 
ty. The alternate gas was then breathed for 10 minutes; 
during the last minute, recordings of the 4 velocities were 
repeated. Following the second gas mixture, the subject 
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FIGURE 2. Top, mean pulmonary artery acceleration time 
(PAAT) uncorrected for heart rate. Vertical axis is pulmonary 
artery acceleration time in ms. The oxygen concentrations of 
the gases are listed on the horizontal axis. Bottom, mean 
heart rate for the group is on the vertical axis and the horizon- 
tal axis depicts the oxygen percentage in the inspired air. 
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was again allowed to breathe room air for 10 minutes, at 
which time PA velocity was recorded for the final time. 

PA acceleration time was measured using an Apple 
Graphics system under control of the Biodata program. 
Time resolution was 1 ms. PA acceleration time during 
an intervention was measured and expressed as percent- 
age change from the preceding PA acceleration time 
baseline measured in room air. Two methods for heart 
rate correction of PA acceleration time were used: the 
RR interval method, whereby the PA acceleration time 
was divided by the square root of the RR interval, and 
the method of Luthy et alô (PA acceleration time + 0.74 
[heart rate]). Mean velocity for cardiac output measure- 
ment was determined by integration of the velocity wave- 
forms after a previously reported method. Cardiac out- 
put (ml/min) was computed as the product of mean 
velocity (cm/s), flow area (cm?) and time (60 s/min). 
Flow area, once measured, was assumed to remain con- 
stant. Cardiac output at any given time was reported as 
the average value of flow distal to all 4 valves. 

Fourteen (5 women, 9 men) of the 23 potential sub- 
jects were entered into the study. Their ages ranged from 
23 to 33 years. No adverse reactions to the protocol oc- 
curred. 
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FIGURE 3. Top, mean pulmonary artery acceleration values 
and the method of Luthy et al® to correct for adjustment of 
heart rate. The horizontal axis depicts the percentage of 
oxygen in the inspired air. Bottom, the RR interval technique 
correcting for pulmonary artery acceleration time for heart 
rate. The axes are the same as for the top. 
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Analysis of variance testing showed that means of the 
4 PA acceleration times recorded in each room air se- 
quence were not significantly different (p >0.15). While 
breathing 100% oxygen, subjects’ mean PA acceleration 
time lengthened by 17.7%; this change was significant 
compared to control (p <0.005) (Figure 2). However, 
heart rate decreased from control by a mean of 16% (p 
<0.002) (Figure 2). Therefore, a correction for heart rate 
was needed. When corrected for heart rate by the Luthy 
method, mean PA acceleration times lengthened 12% 
over control (p <0.01) (Figure 3). Heart rate correction 
by the RR interval demonstrated a mean lengthening of 
11% (p <0.01) (Figure 3). 

Mean PA acceleration time values recorded while 
breathing 17% oxygen were not significantly different 
from the mean of control values. Correction for heart rate 
did not change this result. 

Cardiac output, measured by Doppler, decreased a 
mean of 16%, from 5.7 + 1.0 (standard deviation) liters / 
min while breathing room air, to 5.2 + 0.8 liters/min 
while breathing 100% oxygen (p <0.02). With 17% oxy- 
gen, mean cardiac output increased insignificantly to 6.0 
+ 1.3 liters/min. 

The 2 most important findings of this study are that: 
PA acceleration times for a given individual are variable, 
and variation in PA acceleration time can be demon- 
strated by comparing the value obtained during breath- 
ing of room air to that obtained during breathing of 100% 
oxygen. Observed changes in PA acceleration time were 
not due to changes in heart rate because the variation 
remained after heart rate correction. Further, the varia- 
tion in PA acceleration time was not due to change in 
cardiac output. 

Although our data showed significant PA accelera- 
tion time lengthening when breathing 100% oxygen, PA 
acceleration time shortening did not occur when breath- 
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ing 17% oxygen. We speculate that a possible reason for 
lack of change when breathing 17% oxygen is that sub- 
jects were acclimated to the relatively high altitude of 
Tucson, Arizona (2,500 to 3,000 feet with an average 
atmospheric pressure of 702 mm Hg). Merely simulating 
an altitude of 5,000 feet may have been inadequate to 
evoke a response in this group. 

Although PA acceleration time lengthened signifi- 
cantly with 100% oxygen, the absolute mean change of 32 
ms for subjects evaluated at our altitude was small. This 
confinement of the PA acceleration time range of values 
is consonant with findings of a small range of values in 
prior reports that evaluated differences in PA accelera- 
tion time for normal subjects and patients with PA hyper- 
tension. Prior investigators also found a relatively small 
PA acceleration time difference in these 2 groups. 

We conclude that PA acceleration time lengthens sig- 
nificantly from baseline during administration of 100% 
oxygen. However, we were unable to confirm a signifi- 
cant decrease in PA acceleration time for our population 
during simulation of a change in altitude from approxi- 
mately 3,000 to approximately 5,000 feet. 
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COMMITTEE V.A. MEDICAL CENTER. LOCATED ON 
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regulatory physiology. Research experience in exercise and 
environmental physiology, microgravity and high altitude de- 
sirable. The applicant should be board eligible in Cardiovas- 
cular Diseases. Clinical responsibilities require expertise in 
exercise testing and cardiac rehabilitation, echocardiogra- 
phy, and non-invasive assessment of ventricular function. In- 
terested applicants should submit a curriculum vitae and 2 
letters of recommendation to: Jere Mitchell, M.D., Cardiology 
Div., UT-Southwestern, 5323 Harry Hines Blvd., Dallas, TX 
75235-9034. THE UNIVERSITY OF TEXAS MEDICAL CENTER 
AT DALLAS IS AN EQUAL OPPORTUNITY/AFFIRMATIVE 
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CASE REPORTS 


Acute Myocardial Infarction with Normal 
Coronary Arteries Associated with 
Acetylicholine-Induced Vasoconstriction in 
the Absence of a Positive Ergonovine Test 
Charles B. Treasure, MD, Joseph A. Vita, MD, David A. Cox, MD, 


R. David Fish, MD, Andrew P. Selwyn, MD, 
R. Wayne Alexander, MD, PhD, and Peter Ganz, MD 


A small but important percent- 
age of patients presenting with 
acute myocardial infarction are 
found to have angiographically nor- 
mal epicardial coronary arteries.! 
Coronary embolism has long been 
thought to cause infarction in these 
circumstances. Thrombosis or coro- 
nary spasm at sites of angiograph- 
ically inapparent atherosclerotic 
plaques has also been observed. 
Recent studies suggest that coronary 
endothelial dysfunction in athero- 
sclerosis may contribute to the pre- 
disposition both for coronary vaso- 
spasm as well as for coronary throm- 
bus formation.*> The integrity of at 
least 1 aspect of endothelial function, 
that mediating vasodilation, can now 
be assessed in vivo by the intracoro- 
nary administration of acetylcholine, 
an agent that dilates arteries indi- 
rectly by releasing endothelium-de- 
rived relaxing factor and directly 
constricts arterial smooth muscle 
when endothelium is denuded or dys- 
functional. We present the history of 
a young man with 2 myocardial in- 
farctions in whom diagnostic coro- 
nary arteriography and ergonovine 
testing failed to reveal abnormalities 
but acetylcholine testing provided ev- 
idence of coronary endothelial dys- 
function that may have contributed 
to the infarctions. 

A 20-year-old man was admitted 
for angina after a myocardial infarc- 
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tion. At age 17, he was hospitalized 
for prolonged chest pain and an an- 
terior wall myocardial infarction 
evolved (peak creatinine kinase 268 
mU [normal <80 mU]; 12% MB) 
(Figure 1). Catheterization revealed 
angiographically normal coronary 
arteries and mild anteroapical hypo- 
kinesis. At age 20, he was again hos- 
pitalized with prolonged chest pain 
and a lateral wall myocardial in- 
farction evolved (creatinine kinase 
744 mU; 7% MB) (Figure 2). A test 
for cocaine metabolites was negative. 
He was discharged receiving verapa- 
mil. Three weeks later, angina re- 
curred and he was admitted for eval- 
uation. He had no coronary risk fac- 
tors or history of illicit drug use. 
Physical examination was normal. 
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Total cholesterol was 118 mg/dl; 
high density lipoprotein was 42 mg/ 
dl. Sedimentation rate, antithrom- 
bin III, protein C, protein S, endoge- 
nous tissue plasminogen activator 
and plasminogen activator inhibitor 
were normal. The electrocardiogram 
showed nonspecific ST-T wave 
changes. Routine arteriography 
revealed normal coronary arteries 
without any luminal narrowing 
(Figure 3A). 

After informed consent was ob- 
tained (and vasoactive medications 
were withheld), the functional be- 
havior of his epicardial coronary- 
arteries and his vasodilator reserve 
was evaluated. In the left anterior 
descending coronary artery, serial 2- 
minute infusions of agents were ad- 
ministered via a Doppler catheter as 
follows: control, acetylcholine 1078, 
10-77 and 1076 M, recontrol, adeno- 
sine 1076, 1075 and 1074 M and re- 
control. Lastly, the patient received 
ergonovine in graded doses of 0.05, — 
0.10 and 0.20 mg intravenously. Re- 
sults of the coronary arteriograms 
were analyzed quantitatively to as- 
sess changes in the left anterior de- 
scending coronary artery diameter in 
response to drug infusions and to ob- 
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FIGURE 1. Initial and subsequent electrocardiograms showing evolution of first 


infarction (age 17). 
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tain a cross-sectional area at the 
Doppler tip to convert flow velocity 
to blood flow. 

Ergonovine resulted in no patho- 
logic focal constriction (3% left an- 
terior descending coronary artery 
maximal diameter constriction) 
(Figure 3B). Adenosine resulted in a 
54% increase in left anterior de- 
scending coronary artery diameter, 
consistent with intact epicardial 
smooth muscle dilation and a 5.6- 





fold increase in blood flow, demon- 
strating normal dilator reserve. Ace- 
tylcholine produced dramatic coro- 
nary constriction (45% left anterior 
descending coronary artery maxi- 
mal diameter constriction) (Figure 
3C). 

Commonly, patients who present 
with a suspicion of myocardial isch- 
emia and angiographically normal 
coronary arteries undergo ergono- 
vine testing in an effort to provoke 
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FIGURE 2. Initial and subsequent electrocardiograms showing evolution of second 


infarction (age 20). 


coronary spasm. Ergonovine testing 
may not address other potential vas- 
cular mechanisms of myocardial 
ischemia such as endothelial dys- 
function. Recently, the importance 
of endothelium in the control of vas- 
cular tone has been appreciated. 
Many agents, including acetylcho- 
line, have been shown to relax blood 
vessels indirectly by stimulating re- 
lease from the endothelium of endo- 
thelium-derived relaxing factor. En- 
dothelial damage could result in 
diminished endothelium-derived re- 
laxing factor production leading to 
vasospasm. 

Although coronary vasospasm 
may be playing an etiologic role in 
this patient, the results of acetylcho- 
line testing should not be construed 
to signify that vasospasm is the only 
explanation for his myocardial isch- 
emia. The endothelium has other im- 
portant roles. Its property as a non- 
thrombogenic surface is partially 
mediated by production of tissue 
plasminogen activator, endothelium- 
derived relaxing factor and prostacy- 
clin. Under pathologic conditions, 
the endothelium can become pro- 
coagulant, which could predispose 
the patient to intracoronary throm- 
bosis. 

Although young age coupled with 
the absence of coronary risk factors 
place this patient at low risk for ath- 
erosclerotic coronary artery disease, 
his history of recurrent myocardial 
ischemia and his marked coronary 
constrictor response to acetylcholine 
could be consistent with premature, 
angiographically inapparent athero- 
sclerosis. Early evidence of athero- 





FIGURE 3. A, initial left coronary arteriogram demonstrating normal coronary arteries without any luminal irregularities. 

B, left coronary arteriography after serial intravenous administration of 0.05, 0.10 and 0.20 mg of ergonovine demonstrating 
diffuse, mild constriction but no pathologic focal constriction (3% decrease in left anterior descending coronary artery diameter 
in the most constricting segment). C, left coronary arteriography after serial intracoronary administration of 10-8, 10-7 and 
10-6 M acetylcholine demonstrating severe and paradoxical constriction of the left anterior descending coronary artery 
(arrows). 
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sclerosis among young men was not- 
ed in 6% of Korean War casualties.® 

Frequently, in patients with myo- 
cardial infarction and normal coro- 
nary arteries, provocative testing is 
inconclusive and therapy is empiric. 
In a young man with no angiographic 
evidence of coronary narrowings, a 
negative ergonovine test but an un- 
questionable history of recurrent 
myocardial ischemia, we have ob- 
served evidence of deranged endothe- 
lial function. This endothelial abnor- 
mality may be related to occult coro- 
nary atherosclerosis. It may also 


predispose to vasospasm or thrombo- 
sis. Further characterization of this 
endothelial abnormality may lead to 
a better understanding of mecha- 
nisms of myocardial ischemia in the 
setting of normal coronary arteries. 
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Balloon Occlusion of an Internal Mammary 
Artery to Anterior Interventricular Vein 


Fistula 


Ariel A. Miranda, MD, James A. Hill, MD, J. Parker Mickle, MD, 


and Ronald G. Quisling, MD 


A’ infrequent complication of 
coronary artery bypass grafting 
(CABG) is inadvertent grafting to a 
coronary vein resulting in an arterio- 
venous fistula. We describe a case in 
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which the left internal mammary ar- 
tery (IMA) was anastomosed to the 
anterior interventricular vein. To our 
knowledge, this is the first report in- 
volving such a fistula managed with 
balloon occlusion. 

The patient was a 66-year-old 
man who had had 4-vessel CABG in 
1972. Because of recurrent angina 
he underwent coronary angiography 
and was found to have severe coro- 


FIGURE 1. Left lateral (A) and right anterior oblique (B) views showing anastomosis of the left internal mammary artery to the 
midportion of the anterior interventricular vein with opacification of the coronary sinus. 


nary artery disease and occlusion of 
all his grafts. The following month 
he underwent repeat 4-vessel CABG, 
with the left IMA used to bypass the 
left anterior descending coronary ar- 
tery. Two weeks after discharge he 
noted recurrence and progression of 
angina, which prompted readmis- 
sion. Repeat coronary angiography 
showed the native coronary circula- 
tion to be unchanged. The saphenous 
vein bypass grafts to the obtuse mar- 
ginal and right coronary artery were 
patent. The diagonal graft had a 
90% obstruction at its distal anasto- 
mosis. With dye injection into the 
left IMA, there was no filling of 
the left anterior descending coronary 
artery but direct filling of the anteri- 
or interventricular vein with rapid 
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FIGURE 2. Anteroposterior angiographic view showing complete occlusion of the 





fistula after release of the first (A) and second (B) balloons in the left internal 


mammary artery. 


washout into the coronary sinus 
(Figure 1). The pulmonary artery 
oxygen saturation was 66% and the 
shunt was judged to be small. 
After surgical consultation it was 
felt that the patient was at high risk 
for another CABG. The next week 
the patient underwent successful 
percutaneous transluminal coronary 
angioplasty of the diagonal graft le- 
sion. Immediately after angioplasty, 
an 8Fr IMA bypass guide (Shiley) 
was positioned in the left IMA. A no. 
16 (0.6 cc) Debrun latex balloon (In- 
genor), tied to the distal end of a 2Fr 
polyethylene catheter with elastic 
ligatures, was introduced through 
the guide. The flow-directed balloon 
was positioned at the middle third of 
the left IMA, inflated with iopami- 
dol diluted 1:1 with saline, and then 
released. Coronary sinus oxygen Sat- 
uration decreased from 74 to 38% 
and angiography showed complete 
occlusion of the fistula (Figure 2A). 
A second balloon was placed proxi- 


mal to the first balloon (Figure 2B). 
At discharge the patient's symptoms 
were improved and this benefit per- 
sisted at 1-month follow-up. 

The few reported cases of iatro- 
genic coronary arteriovenous fistulas 
have all involved saphenous vein by- 
pass grafts. We and others have 
shown that it is possible to manage 
this subset of patients without sur- 
gery. After successful angioplasty, 
Goldbaum et al! used Gianturco coils 
to occlude a vein graft anastomosed 
to the anterior interventicular vein. 
Grollman et al? applied selective coil 
embolization as the sole treatment in 
a patient whose presentation was 
congestive heart failure. Recently, 
Jost et al? were the first to describe 
the use of a silastic balloon to occlude 
a vein graft to the anterior interven- 
tricular vein after performing staged 
angioplasty. 

Various devices and materials 
have been used to occlude vessels. 
Liquid and particulate matter, how- 
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ever, are unsuitable for coronary ar- 
teriovenous fistulas because of the 
risk of materials migrating into the 
venous system producing pulmonary 
embolization or thrombosis. Coil em- 
bolization in such situations has been 
successfully applied.'!? Balloon em- 
bolization, such as that used in this 
case, offers a unique advantage over 
the coil because it can be precisely 
positioned before detachment and 
occlusion is immediate (not depen- 
dent on clotting). However, instances 
of balloon migration have resulted 
from premature detachment? or par- 
tial deflation soon after release.> This 
problem can be reduced with the 
double balloon technique. A proxi- 
mal balloon can be inflated tempo- 
rarily* or permanently? to protect the 
distal balloon from the pressure and 
turbulent flow, which tends to pro- 
mote premature detachment. With 
time, the balloon deflates as contrast 
media leak out. However, the fistula 
almost always remains closed secon- 
dary to thrombosis and fibrosis.® In 
summary, in selected cases an iatro- 
genic coronary arteriovenous fistula 
can be managed successfully with se- 
lective balloon occlusion when tech- 
nical difficulties and high risk pre- 
clude repeat CABG. 
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Saphenous Vein Graft Angioplasty in a 


Teenager 


Joel K. Kahn, MD, and Geoffrey O. Hartzler, MD 


j ercutaneous transluminal cor- 
onary angioplasty (PTCA) is a 
widely used technique for the elective 
and emergent revascularization of 
obstructive coronary artery disease. 
Due to the increasing frequency of 
atherosclerosis with age, PTCA has 
been practiced exclusively in an adult 
population.! Although the field of in- 
terventional pediatric cardiology has 
grown tremendously in recent years,? 
PTCA has not been reported in this 
age group. We recently performed 
PTCA in a teenager; to our knowl- 
edge this is the youngest patient re- 
ported to benefit from this evolving 
technique. 

A 15-year-old girl was diagnosed 
in infancy with anomalous origin 
of the left main coronary artery 
from the pulmonary trunk. At age 9 
months she underwent surgical liga- 
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FIGURE 1. Selective injection of the 
saphenous vein graft to the left main 
stump in the 15-year-old female patient. 
In this left anterior oblique projection, a 
lucent zone at the graft anastomosis is 
apparent, and the anastomosis is 70% 
narrowed in a band-like manner. 





tion of the left coronary artery ori- 
gin. She did well until age 10, when 
she developed exertional anginal 
symptoms. Coronary artery bypass 
surgery using a reverse saphenous 
vein graft to the left main stump was 
performed. The patient subsequent- 
ly did well until age 15 when she 
again began to experience anginal 
symptoms with exertion. The patient 
underwent a maximal exercise stress 
test with thallium-201 tomography. 
Tomographic images revealed re- 
versible perfusion defects anteriorly 
at the apex and laterally in the api- 
cal and midventricular sections, con- 
sistent with ischemia of both the 
left anterior descending and left cir- 
cumflex arteries. Angiography dem- 
onstrated a 70% anastomotic steno- 
sis with a lucent appearance (Figure 
1). A 4.0 mm Simpson Ultra Low 
Profile II balloon catheter (Ad- 
vanced Cardiovascular Systems) 
and a 0.014 inch hi torque floppy 
guidewire (Advanced Cardiovascu- 


FIGURE 2. Placement of the balloon 
catheter across the stenotic region with 
full balloon expansion is demonstrated. 
The guidewire is in the left circumflex 
artery. 








lar Systems) were steered into the 
vein graft and through the stenosis 
into the left circumflex artery. The 
balloon was positioned in the anas- 
tomosis and several inflations were 
performed for up to 60 seconds and 6 
atmospheres of pressure (Figure 2). 





FIGURE 3. Selective injection of the 
right coronary artery using a separate 
coronary catheter during balloon infla- 
tion in the vein graft anastomosis. In this 
right anterior oblique projection, persis- 
tent collateral flow from the right system 
to the left circumflex artery is apparent. 
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FIGURE 4. Final selective injections 
after balloon angioplasty demonstrated 
wide patency of the anastomosis with 
good distal run-off. 
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During balloon inflation, the right 
coronary artery was selected with a 
diagnostic catheter and was injected 
(Figure 3). Persistent collateral flow 
from the right coronary artery to the 
left circumflex artery was observed 
(Figure 3). With the balloon cath- 
eter and guidewire withdrawn, final 
angiograms revealed markedly im- 
proved patency and good flow 
through the area (Figure 4). The 
distal anastomosis appeared to be at 
least as large as the left main artery. 
The next day the patient underwent 
repeat exercise thallium-201 tomog- 
raphy. Tomographic images after 
stress and 4-hour redistribution 
were normal by visual and quantita- 
tive analysis. At 8-month follow-up, 
she continues to do well, is free of 
chest pain and has no limitations of 
her activities. 

The patient described had anom- 
alous origin of the left main coronary 
artery from the pulmonary artery, 
referred to as the Bland-Garland- 
White syndrome.’ Survival into 
adulthood is dependent on the devel- 
opment of collaterals between the 
right coronary artery and the left ar- 
terial system (Figure 3), and flow 
through the anomalous left main ar- 
tery is retrograde. The anomalous 
left main artery produces a steal 


phenomenom from the right coro- 
nary artery and produces a large 
mass of ischemic myocardium. Al- 
though a number of surgical ap- 
proaches to correct this condition 
have been described, ligation of the 
left main artery and construction of a 
bypass graft from the aorta to the left 
main artery or to the left anterior 
descending artery have been per- 
formed most frequently* with good 
relief of symptoms. In our patient 
this approach led to initial relief of 
symptoms followed by recurrent an- 
gina after an interval of 5 years. An- 
giography revealed a constriction at 
the anastomosis of the vein graft with 
the left main coronary artery, pre- 
sumably due to surgical technique or 
intimal thickening. PTCA appeared 
to be an attractive alternative to re- 
peat cardiac surgery in this young 
patient. A large balloon catheter (4.0 
mm) was used to accommodate the 
dimensions of the vein graft and the 
left main stump. We have previously 
described simultaneous inflation of 2 
balloon catheters in oversized vein 
grafts, known as hugging balloons’; 
however, we believe that the result 
following single balloon inflations 
had restored the diameter of the 
anastomosis to that of the left main 
stump. 
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We expect that the problems ex- 
perienced by this young patient will 
be seen more often in the future as 
patients with congenital heart dis- 
ease survive for longer periods be- 
cause of more aggressive therapies. 
Young patients with anomalous ori- 
gin of the left coronary arterial sys- 
tem from the right sinus of Valsalva® 
provide another population that dur- 
ing follow-up may require PTCA. 
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Surgical Correction of Pulmonary Atresia 
with Ventricular Septal Defect and No 
Central Pulmonary Arteries 


= Sulekha Kumar, MD, Daniel Scagliotti, MD, 
Elizabeth A. Fisher, MD, and Pedro del Nido, MD 


A’ recently as 1988 patients with 
pulmonary atresia with ventric- 
ular septal defect and no central pul- 
monary arteries were dismissed as 
having “no prospect of complete re- 
pair.”! We report our experience in 
the management and successful 
staged repair of this anomaly in a 
4-year-old child. 

PS was cyanotic at birth and di- 
agnosed as having pulmonary atre- 
sia with ventricular septal defect and 
no central pulmonary arteries. All 
19 bronchopulmonary segments 
were perfused by collateral arteries 
and a patent ductus arteriosus (Fig- 
ures l A, B, and 2A). A 5-mm Gortex 
graft was placed from the left in- 
nominate artery to the confluence of 
the left lobar pulmonary arteries 
(Figures 1D and 2B). At 3 years of 
age, angiography showed a function- 
ing shunt and 2 stenotic aortopulmo- 
nary collateral arteries, which pro- 
vided the major blood supply to the 
right lung. Pressure distal to the ste- 
nosis was 28/18 mm Hg, and aortic 
oxygen saturation was 73%. A 6-mm 
Gortex graft was placed from the 
right subclavian artery to right lower 
and upper lobe collateral arteries as 
they entered the lung parenchyma 
(Figures 1C and 2B). At 4 years of 
age, an angiogram showed that both 
shunts were functioning. The aortic 
oxygen saturation was 82%, and the 
ratio of pulmonary to systemic 
blood flow (QP/QS) was 1.4/1. 
Fourteen bronchopulmonary seg- 
ments were perfused via the shunts. 
An additional large pulmonary ar- 
tery supplied a portion of the right 
upper lobe. At surgery, this artery 
was identified in the fissure between 
the upper and middle lobes. A 10- 
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mm Gortex graft was attached to it 
and to the previous 6-mm graft (Fig- 
ure 2C). A 20-mm aortic homograft 
was used to connect the right ventri- 
cle to the lobar pulmonary arteries 
on the left. A side arm of 12-mm 
Gortex graft connected the homo- 
graft to the 10-mm graft on the right 








(Figures 2D and 3). The ventricular 
septal defect was closed and the sys- 
temic-pulmonary shunts were ligat- 
ed. Postoperatively, right/left ven- 
tricular systolic pressure ratio was 
0.45. There was a small residual 
ventricular septal defect. The patient 
is doing well 19 months postopera- 
tively. 

This report adds another patient 
to 2 previously reported? who have 
undergone successful repair of pul- 
monary atresia with ventricular sep- 
tal defect and no central pulmonary 
arteries. All 3 had the majority of 
bronchopulmonary segments per- 
fused by systemic arteries and large 





FIGURE 1. Selective contrast angiography, frontal views. A, preoperative right- 
sided aortopulmonary collateral (c) injection. Several areas of stenosis are 
indicated (arrows). In this projection and the corresponding lateral, 10 
bronchopulmonary segments were identified. B, preoperative left pulmonary 
artery injection via the patent ductus arteriosus (PDA). Nine bronchopulmonary 
segments were identified. C, right Gortex graft injection after unifocalization. Six 
bronchopulmonary segments were seen. D, left Gortex graft injection. Eight 

ry segments were seen. GS = 5 mm Gortex graft; G6 = 6 mm 


bronchopulmona 
Gortex graft; 1A = innominate artery. 
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lobar pulmonary arteries accessible 
for unifocalization. In our patient, 14 
of 19 bronchopulmonary segments 
could be identified before repair. The 
first patient of Barbero-Marcial et 
al? had 4 aortopulmonary collateral 
arteries and at least 16 of 19 bron- 


chopulmonary segments were per- 
fused. Their second patient had 3 
aortopulmonary collateral arteries 
perfusing all 19 bronchopulmonary 
segments. Our patient had high aor- 
tic oxygen saturation and QP/QS, 
evidence that the lobar pulmonary 
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arteries were of adequate size for re- 
pair? The normal pressure in the 
right lower lobe pulmonary artery 
was evidence against pulmonary vas- 
cular disease. The first patient re- 
ported by Barbero-Marcial et al? 
presented at 18 months of age with 


FIGURE 2. Artist’s drawings illustrat- 
ing preoperative and postoperative pul- 
monary blood supply. A, preoperative. 
See Figure 1A and B. B, postoperative 
left (1) and right (2) Gortex shunts. See 
Figure 1C and D. C, postoperative in- 
sertion of second Gortex graft (3) on 
right. D, postoperative repair with 
right ventricular outflow tract recon- 
struction by aortic homograft. See Fig- 
ure 3. 


FIGURE 3. Selective contrast injection, 
right ventricle, frontal view, postopera- 
tive repair. A 20 mm aortic homograft 


on the left. A side arm of 12-mm Gor- 
tex graft (G12) was used to connect 
the homograft to the 10-mm Gortex 
graft (G10) on the right. G6. = 6-mm 
Gortex graft. 


congestive heart failure, evidence for 
increased pulmonary blood flow and 
large pulmonary arteries. In all 3 pa- 
tients a staged surgical approach re- 
placed systemic collateral arteries 
with grafts to supply adequate but 
controlled perfusion, promote growth 
of the pulmonary arteries and protect 
against pulmonary vascular disease. 
Unifocalization simplified establish- 
ing perfusion from the newly con- 
structed right ventricular outflow 


tract at repair. Angiography between 
procedures helped refine the surgical 
approach. By utilizing the newly cre- 
ated aortopulmonary connections, it 
was possible to define the sources of 
pulmonary perfusion better than at 
the initial study. Postoperative evalu- 
ation showed perfusion of the major- 
ity of bronchopulmonary segments 
and acceptable right/left ventricular 
systolic pressure ratios. The clinical 
results were good in all 3 patients. 





1. Sullivan ID, Wren C, Stard J, de Leval MR, 
Macartney FJ, Deanfield JE. Surgical unifocaliza- 
tion in pulmonary atresia and ventricular septal de- 
fect. Circulation 1988;suppl 111)78:I11-5-111-13. 
2. Barbero-Marcial M, Rizzo A, Lopes AAB, Bit- 
tencourt D, Junior JOA, Jatene AD. Correction of 
pulmonary atresia with ventricular septal defect in 
the absence of the pulmonary trunk and the central 
pulmonary arteries (so-called truncus type IV). J 
Thorac Cardiovasc Surg 1987,;94:911-914. 

3. Millikan JS, Puga FJ, Danielson GK, Schaff HV, 
Julsrud PR, Mair DD. Staged surgical repair of pul- 
monary atresia, ventricular septal defect, and hypo- 
plastic, confluent pulmonary arteries. J Thorac Car- 
diovase Surg 1986;91:818-825. 





A Transmural Approach for Endocardial 


Ventricular Pacing 


Benjamin D. McCallister, Jr., MD, Ronald E. Vlietstra, MB, ChB, 
Benjamin M. Westbrook, MD, and David L. Hayes, MD 


he 2 standard approaches to 

placement of cardiac pacemaker 
leads are epicardial leads applied at 
thoracotomy and endocardial leads 
placed transvenously. At times, the 
usual transvenous approaches are not 
feasible, such as in superior vena 
cava obstruction or impaired access 
to the right ventricle because of tri- 
cuspid stenosis or a mechanical pros- 
thetic valve. Usually, such situations 
necessitate epicardial pacing, which 
sometimes is unsatisfactory because 
of poor thresholds or inadequate 
sensing with epicardial leads. We 
present a case in which a new meth- 
od for endocardial ventricular lead 
placement was used when both stan- 
dard endocardial pacing and epicar- 
dial pacing were unsatisfactory. 

A 63-year-old woman had Starr- 
Edwards prosthetic valves in aortic, 
mitral and tricuspid positions. At 
age 59 she had developed complete 
heart block with a ventricular escape 
rate of 30 beats/min that required 
epicardial lead placement because of 
the prosthetic tricuspid valve. Posi- 
tioning of the lead was difficult be- 
cause of high thresholds. During fol- 
low-up, the patient developed failure 
to capture, but her intrinsic heart 
rate had increased to 50 beats/min. 


From the Division of Cardiovascular Diseases 
and Internal Medicine and the Division of 
Thoracic and Cardiovascular Surgery, Mayo 
Clinic and Mayo Foundation, 200 First Street 
SW, Rochester, Minnesota 55905. Manu- 
script received April 24, 1989; revised manu- 
script received and accepted September 1, 
1989. 
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The patient was asymptomatic over 
the following 4 years. 


In 1988, the patient presented 
with progressive dyspnea and fa- 
tigue. Electrocardiographic and 
pacemaker analysis revealed com- 
plete heart block with a ventricular 
rate of 30 beats/min and failure to 
capture despite maximal energy set- 
tings (8.1 V at 0.92-ms pulse width). 





FIGURE 1. Transmural ventricular lead placement. Ventricular endocardial lead is 
passed through right ventricular wall and actively fixated to right ventricular 
endocardium. A purse string suture secures lead in right ventricular free wall. 

(By permission of Mayo Foundation.) 
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Lead impedance measured > 2,500 
ohms. 

At operation to investigate the 
pacemaker system, the generator 
functioned normally. The electrode- 
myocardial interface sites were 
markedly fibrotic. The ventricle was 
covered with a thick layer of epicar- 
dial fat, and multiple attempts to 
find adequate thresholds with 3-turn 
screw-in epicardial leads failed. A 
platinized “‘fishhook”’ epicardial 
lead (Medtronic 4951-P) was placed 
with a threshold of 2 V, but adequate 
thresholds for a second 4951-P lead 
could not be achieved. An active-fix- 
ation endocardial lead (Medtronic 
6957) was then placed through the 
anterior wall of the right ventricle 
with the Seldinger technique and a 
10Fr peel-away introducer sheath. 
The screw-in unipolar endocardial 
lead tip was directed toward the 
apex of the right ventricle and fixat- 
ed (Figure 1). Good thresholds were 
obtained (0.8 V at 0.6-ms pulse 
width). The insertion site through 
the right ventricular wall was se- 
cured with a pledgeted purse string 
suture of 3-0 Prolene. 

The threshold in a bipolar con- 
figuration (endocardial lead nega- 
tive, epicardial lead positive) was 
1.2 V at 0.6-ms pulse width. The 2 


leads were brought out through the 
subcostal area and connected to an 
activity-sensing, rate-modulating 
pulse generator (Medtronics 8402). 

The postoperative course was un- 
complicated. At follow-up 3 months 
later, she had a pulse-width thresh- 
old of 0.25 ms at a 5-V setting. One 
year after operation, she was active 
and asymptomatic. 

Endocardial lead placement 
tends to offer easier placement, lower 
morbidity and more reliable thresh- 
olds than epicardial lead systems.! 
Yet, situations arise in which the usu- 
al transvenous approach is inconve- 
nient or not possible and epicardial 
pacing is inadequate. In the case pre- 
sented, a prosthetic tricuspid valve 
was in place and attempts at epicar- 
dial pacing failed because of a fibrot- 
ic, fatty epicardium. A ventricular 
endocardial lead was placed through 
the wall of the right ventricle without 
complication and with good sensing 
and pacing thresholds. This is the 
first documented case of transmural 
ventricular pacing. The precedent 
for transmural endocardial pacing 
comes from atrial lead systems 
placed transmurally that demon- 
strated good function and stability.*4 

The theoretical problems of using 
the transmural approach might in- 





clude: the infeasibility of removing 
the lead percutaneously (e.g., if the 
lead were infected or had perforated 
the ventricular wall); the possibility 
of mural scarring and increased ar- 
rhythmias; lead dislodgment, lead 
fracture or lead perforation, which 
could result because the lead is teth- 
ered in the right ventricular free wall; 
and the risk of transmural hemor- 
rhage, especially if the patient has 
received anticoagulants. 

In view of these possible disad- 
vantages and the lack of long-term 
follow-up in our patient, the trans- 
mural approach to endocardial pac- 
ing should be considered only after 
standard approaches fail. In the case 
presented, transmural endocardial 
pacing, at least in the short term, of- 
fered good lead stability and excel- 
lent thresholds and sensing. 


1. Henglein D, Gillette PC, Shannon C, Burns G. 
Long-term follow-up of pulse width threshold of 
transvenous and myo-epicardial leads. PACE 1984; 
7:203-214. 

2. Hayes DL, Holmes DR Jr, Maloney JD, Neu- 
bauer SA, Ritter DG, Danielson GK. Permanent 
endocardial pacing in pediatric patients. J Thorac 
Cardiovasc Surg 1983,;85:618-624. 

3. Hayes DL, Vlietstra RE, Puga FJ, Shub C. A 
novel approach to atrial endocardial pacing. PACE 
1989;12:125—130. 

4. Gordon R, Bodell BP, Pearson WT, Sacks JH. 
Permanent atrial electrode placement. Ann Thorac 
Surg 1982;33:86-87. 





Severe Stenosis Involving a Congenitally 
Bicuspid Aortic Valve in the Tenth Decade 


of Life 


Dean G. Karalis, MD, Jeffrey M. Wahl, MD, Gary S. Mintz, MD, 
and Krishnaswamy Chandrasekaran, MD 


A congenitally bicuspid aortic 
valve (BAV) is present in at 
least 1% of persons.! The most com- 
mon complication of a BAV is steno- 
sis, and this congenital malformation 
represents the most common cause of 
isolated aortic stenosis in the patient 
group aged 16 to 65.” In patients over 
the age of 65, aortic stenosis superim- 
posed on a BAV occurs with a fre- 
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TABLE I Hemodynamic Data 


Right atrium (mean) 4 

Right ventricle (ps /ed) 50/8 

Pulmonary artery (ps /ed) 55/26 

Pulmonary artery wedge (mean) 22 

Left ventricle (ps /ed) 185/20 

Aorta (ps /ed) 105/55 

Aorta to left ventricle 

systolic gradient 80 (peak) 

Aortic regurgitation 1+/4+ 
Aortic valve calcium 3+/4+ 
Cardiac index (liters /min/m2) 2.0 


* Calculated using the Gorlin formula. 
ps/ed = peak systole /end-diastole. 









FIGURE 1. Operatively excised aortic valve. On the left is a photograph of the ventricular surface of the excised aortic valve. 
Both cusps were thickened, immobile and heavily calcified. On the right is a soft tissue roentgenogram demonstrating heavy 


calcific deposits in both cusps. 


quency of approximately 10%. We 
recently encountered a 92-year-old 
man with severe aortic stenosis due to 
a congenitally BAV. To our knowl- 
edge, this is the oldest reported pa- 
tient with severe stenosis involving a 
congenitally BAV. 

The 92-year-old man, previously 
in good health, was referred for eval- 
uation of recent onset congestive 
heart failure. His blood pressure 
was 130/70 mm Hg. The carotid up- 
strokes were delayed and the apical 
impulse was sustained and displaced 
laterally. An S4 gallop was present. 
The S was single. There was a harsh 


grade 3/6 precordial systolic mur- 
mur. The electrocardiogram demon- 
strated normal sinus rhythm and left 
ventricular hypertrophy. Two-di- 
mensional transthoracic echocardi- 
ography demonstrated a heavily cal- 
cified and immobile aortic valve. 
Peak velocity across the valve was 
5.0 m/s. Using the simplified Ber- 
noulli equation (P = 4V°), the esti- 
mated instantaneous peak gradient 
was 100 mm Hg. Mild aortic regur- 
gitation was present. The Doppler- 
estimated aortic valve area was 0.4 
cm? using the continuity equation. 
Transesophageal echocardiography 


revealed a BAV. Complete cardiac 
catheterization data are listed in Ta- 
ble I. The patient underwent valve 
replacement with a Carpentier-Ed- 
wards bioprosthesis. The valve was 
congenitally bicuspid (Figure 1). 

One year postoperatively, the pa- 
tient is asymptomatic. 


1. Roberts WC. The congenitally bicuspid aortic 
valve. A study of 85 autopsy cases. 4m J Cardiol 
1970;26:7 2-83. 

2. Roberts WC. Congenital cardiovascular abnor- 
malities usually silent until adulthood. In: Roberts 
WC, ed. Congenital Heart Disease in Adults. Phila- 
delphia: F.A. Davis, 1987:631-691. 
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READERS’ COMMENTS 


Disopyramide in Hypertrophic 
Cardiomyopathy 


Both articles by Pollick' erroneously 
suggest a too prominent role of the out- 
flow tract pressure gradient in the man- 
agement of patients with hypertrophic 
obstructive cardiomyopathy. In both the 
invasive and noninvasive study disopyra- 
mide is advocated as an ideal drug for 
reduction of the left ventricular outflow 
tract obstruction as represented by a pres- 
sure gradient. Both studies strongly sug- 
gest that “de-obstruction” of the outflow 
tract by eliminating the pressure gradient 
invariably results in a beneficial effect for 
the heart and the patiemt. However, nei- 
ther study yields convincing evidence that 
the reported beneficial effects can be as- 
cribed only to the reduction of the pres- 
sure gradient. 

First, after disopyramide, systolic emp- 
tying does not increase for cardiac output 
or heart rate; thus stroke volume remains 
unchanged (Table I, Figure 2A, page 
1249; Table II, page 1250). The same 
stroke volume of 56 ml is now expelled ina 
shorter ejection time; however, it is at the 
expense of a significant reduction in ejec- 
tion fraction as estimated from the ratio 
of the preejection period and ejection time 
in the hemodynamic study (Table II, page 
1250). 

Second, the small decrease in left ven- 
tricular end-diastolic pressure may only 
be appreciated as beneficial in conjunc- 
tion with a simultaneously measured in- 
crease in end-diastolic volume. However, 
data from Table II (page 1253) indicate 
that the end-diastolic volume as calculat- 
ed from the left ventricular end-diastolic 
dimension does not increase even despite a 
supposed reduction in mitral reflux. 

Third, we? and others>-* did find a nor- 
mal or low systolic wall stress as represen- 
tative of afterload in hypertrophic cardio- 
myopathy (HC). Depending on the sever- 
ity of the pressure gradient, peak systolic 
wall stress only differs in timing, not in 
magnitude. Thus we cannot support the 
suggestion that a reduction of the pressure 
gradient is followed by a further reduction 
of a normal ventricular afterload. 

Fourth, the small but significant in- 
crease in exercise duration in the noninva- 
sive study may be ascribed to a more uni- 
form and coordinated pattern of relaxa- 
tion due to the calcium antagonistic effect 
of disopyramide rather than to the reduc- 
tion of the pressure gradient, an effect 
similar to that of verapamil. In this regard 


Letters (from the United States) concerning a 
particular article in the Journal must be re- 
ceived within 2 months of the article’s publica- 
tion, and should be limited (with rare excep- 
tions) to 2 double-spaced typewritten pages. 
Two copies must be submitted. 


it would be interesting to investigate the 
effect of disopyramide in the nonobstruc- 
tive form of HC. In conclusion, the results 
of both studies do not permit the focus on 
the pressure gradient as a prime determi- 
nant in left ventricular dysfunction and 
management of hypertrophic obstructive 
cardiomyopathy. 
E. van der Wall, mp 
Groningen, The Netherlands 
15 February 1989 
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REPLY: | thank van der Wall for his inter- 
est and comments. First, he remarks that 
there is a significant reduction in the ejec- 
tion fraction, which he implies as being 
harmful although he does not say why. 
Most of these patients, however, have “‘su- 
pernormal” ejection fractions and diso- 
pyramide could be conceived as “normal- 
izing” the ejection fraction. 

Second, the interpretation of left ven- 
tricular compliance from left ventricular 
end-diastolic pressure alone is clearly 
somewhat limited, While the exact mean- 
ing of the disopyramide-induced decrease 
in left ventricular end-diastolic pressure is 
debatable, it is nevertheless presumably of 
benefit. In contrast, an increase in left 
ventricular end-diastolic pressure would 
have been considered deleterious. 

Third, in his study of 19 patients? van 
der Wall clearly showed that 8 of 12 of the 
obstructive patients had an abnormal wall 
stress curve (type A), consisting of a defi- 
nite increase in wall stress after obstruc- 
tion. Three of 6 patients showed a change 
in the wall stress curve to a “nonobstruc- 
tive” (type B) curve after verapamil. Thus 
I believe that his own data could well be 
interpreted as suggesting that a negative 
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inotrope favorably alters wall stress via a 
reduction in the pressure gradient. By us- 
ing disopyramide instead of verapamil, 
which appears to have a greater effect on 
the pressure gradient, perhaps all 6 pa- 
tients would have developed a “‘nonob- 
structive” stress curve. 

Fourth, his point is well taken that there 
may be other reasons that contribute to 
the increase in exercise duration such as a 
more uniform and coordinated left ven- 


tricular relaxation. 
Charles Pollick, ms 
Toronto, Canada 
3 March 1989 


Magnesium Sulfate Is the 
Treatment for Torsades de 
Pointes if the Right Dose Is 
Given 


We were delighted to read about mag- 
nesium as a treatment of ventricular ar- 
rhythmias in the report of Roden! in the 
recent symposium on magnesium defi- 
ciency. In the section “Long QT-Related 
Arrhythmias,” in the paragraph dealing 
with the effectiveness of magnesium as a 
treatment for torsades de pointes, we were 
surprised to find that we were misquoted 
by the investigator on a critical point ad- 
dressing the dose of magnesium that 
should be used. 

According to our published data,” mag- 
nesium sulfate is a very effective therapy 
for torsades de pointes. It was adminis- 
tered to 12 patients with this arrhythmia 
as a 2-g intravenous bolus within | to 2 
minutes. In 9 patients the torsades de 
pointes was immediately abolished after 
the initial dose. Three other patients who 
did not respond completely to the first 
magnesium sulfate bolus réceived a sec- 
ond bolus of 2 g within 5 to 15 minutes 
after the first bolus. Most patients re- 
ceived additional magnesium sulfate infu- 
sions at rates of 3 to 20 mg/min for as long 
as 7 to 48 hours, until the QT interval was 
shortened to <0.50 second. 

Torsades de pointes can be a fatal ven- 
tricular arrhythmia and intravenous mag- 
nesium is a very effective therapy for it, if 
used in the right dose. Administering a 
lower dose of magnesium over a longer 
period of time might not be as effective. 

Shmuel Banai, MD 
Claudio Schuger, MD 


Jerusalem, Israel 
4 May 1989 
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Å Lopid® (Gemfibrozil Capsules and Tablets) 


Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


ONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
iliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed 

During the Helsinki Heart Study and in the 12 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1/2 years since the trial was completed was 39 in the Lopid group and 29 
inthe placebo group (difference not statistically significant). This includes 5 basal cell 
Carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts —Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rnabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
Creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN INCONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility— Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (o=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two otherdrugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B—Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- . 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a Causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probabie or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; /ntegumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng/ J Med 
1987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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Whats a common denominator of 
most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 

common among heart attack victims,’ and nearly two thirds of people 

who developed myocardial infarction in the PROCAM Trial had a low 
-(<35 mg/dL) baseline level of HDL cholesterol ? 


HEART ATTACK PATIENTS 


(PROCAM TRIAL)2 
LOPID.: raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL 
in the landmark Helsinki Heart Study (HHS) 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of serious 
coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 mg/dL) 


A powerful case for 


2 / BID 
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-RAISES HDL...DRAMATICALLY REDUCES HEART ATTACK 


LOPID is; siicted for reducing the risk of cororiary heart disease (CHD) i in Type Ilb patients with low HDL, in addition to elevated LDL and 
\ triglycerides, and whgħave had ; an inadequate response to: weight loss, diet, exercise, and:other pharmacologic agents such as bile acid-sequestrants 
“and nicotinic acid. 


*Defined as a combination of definite coronary dea and/or definite myocatdial infarction.’ 


References: 1. Goldsteif JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in coronary heart diséasé. 1. Lipid levels in 500 survivors of myocardial 
infarction. | Clin Invest. 1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular many. Trial. Zürich: Panscientia’ Metta 1986:8-9. 
3. Data on file, Medical Affaifs Dept, Parke-Davis, <> ee 
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